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Abstract	  	   The	  mighty	  Colorado	  River	  was	  once	  an	  untamed	  force	  of	  nature	  flowing,	  uninterrupted,	  down	  into	  the	  Mexican	  delta.	  After	  discovering	  that	  the	  North	  American	  Southwestern	  deserts	  were	  fertile,	  Colorado	  River	  water	  began	  to	  be	  diverted	  and	  eventually	  dammed	  to	  control	  flow	  for	  agriculture.	  Over-­‐apportioning	  of	  the	  river's	  waters	  has	  lead	  to	  widespread	  increases	  in	  salinity,	  pollution	  and	  water	  shortages.	  This	  project	  seeks	  to	  define	  the	  issues	  facing	  the	  people	  in	  the	  N.	  American	  Southwest	  caused	  by	  the	  mismanagement	  of	  the	  river	  and	  to	  elucidate	  possible	  solutions.
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The	  Allocation	  of	  Colorado	  River	  Water	  
	   Just	  a	  little	  over	  one	  hundred	  years	  ago	  the	  mighty	  Colorado	  River	  flowed	  naturally	  and	  uninterrupted	  into	  the	  delta	  in	  the	  Gulf	  of	  California.	  Except	  when	  the	  river	  was	  naturally	  diverted	  into	  the	  Salton	  Sink,	  this	  flow	  went	  uninterrupted	  for	  thousands	  of	  years.	  
	   The	  middle	  of	  the	  19th	  century	  saw	  great	  westward	  migration	  into	  the	  American	  west	  by	  various	  prospectors.	  During	  this	  same	  period	  Mexico	  did	  not	  see	  significant	  population	  growth	  because	  of	  high	  mortality	  rates	  due	  to	  uprisings	  and	  revolutions	  (Mateos,	  1991).	  This	  rise	  in	  western	  population	  eventually	  demanded	  more	  resources,	  water	  being	  one.	  It	  was	  soon	  discovered	  that	  the	  Imperial	  Valley	  was	  very	  fertile,	  though	  lacking	  water.	  Irrigation	  projects	  began	  dividing	  the	  Colorado	  River	  for	  agriculture.	  Agriculture	  also	  thrived	  in	  the	  Mexicali	  Valley	  within	  Mexico	  though	  these	  were	  initially	  American	  interests.	  
	   By	  the	  1930s	  the	  River's	  flow	  into	  the	  delta	  had	  been	  significantly	  reduced	  and	  with	  agricultural	  pollution,	  the	  Colorado	  Delta	  would	  be	  forever	  damaged.	  Because	  of	  resource	  mismanagement	  and	  severe	  persistent	  drought	  the	  sum	  of	  all	  of	  the	  river's	  water	  is	  not	  enough	  to	  supply	  the	  people	  that	  depend	  on	  it	  under	  current	  river	  allocation.	  
Figure	  removed	  due	  to	  copyright	  limitations	  but	  can	  be	  found	  at:	  
http://www.pacinst.org/reports/sustainable_co_river/sustainable_co_river_es.pdf	  
Under	  Figure	  1:	  Map	  of	  the	  Colorado	  River	  System	  
Figure	  1:	  A	  map	  showing	  the	  various	  dams	  along	  the	  Colorado	  River	  along	  both	  the	  Upper	  and	  Lower	  Basin	  
(Morrison	  et	  al.,	  1996).	  
Figure	  removed	  due	  to	  copyright	  limitations	  but	  can	  be	  found	  at:	  
http://www.biol.wwu.edu/trent/alles/TheDelta.pdf	  
The	  image	  is	  3rd	  from	  the	  top	  
Figure	  2:	  A	  map	  of	  the	  Delta	  Region	  showing	  the	  various	  Rivers,	  Boundaries	  and	  Dams	  (Alles,	  2006).	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Figure	  removed	  due	  to	  copyright	  limitations	  but	  can	  be	  found	  at:	  
http://www.geomembrane.com/techpapers/IGSCanalLining.htm	  
The	  image	  is	  2nd	  from	  the	  top	  
Figure	  3:	  Map	  illustrating	  the	  various	  canals	  around	  the	  U.S.	  Mexico	  border	  near	  the	  Colorado	  River	  (Rohe,	  2004).	  
Over-­apportioning	  of	  the	  River’s	  Water	  between	  the	  Two	  Countries	  	   Before	  the	  extensive	  damming	  of	  the	  Colorado	  River	  the	  River	  flowed	  freely	  down	  into	  the	  Gulf	  of	  California.	  Sometimes,	  during	  years	  with	  exceptionally	  high	  snow	  run	  off,	  the	  river	  would	  burst	  its	  banks	  and	  flow	  down	  into	  the	  Salton	  Basin,	  creating	  a	  very	  large	  lake.	  	  In	  antiquity	  the	  river	  would	  not	  always	  gush	  downstream.	  The	  region	  has	  been	  hit	  with	  major	  droughts,	  sometimes	  lasting	  30	  years,	  during	  the	  8th,	  10th,	  12th	  and	  13th	  Century	  (Wolfgang,	  2009).	  	  These	  droughts	  caused	  the	  ancient	  Pueblo	  People,	  the	  Anasazi,	  to	  migrate	  vast	  distances	  in	  search	  of	  resources.	  	  
	   The	  fundamental	  problem	  of	  the	  Colorado	  River	  is	  the	  over-­‐apportioning	  of	  the	  river's	  flow.	  Simply	  put,	  more	  people	  lay	  claim	  to	  the	  river	  than	  the	  river	  is	  able	  to	  provide	  (Morrison	  et	  al.,	  1996).	  The	  current	  Colorado	  River	  has	  an	  average	  flow	  rate	  of	  about	  15	  million	  acre-­‐feet	  (maf;	  or	  1.85	  x	  1010	  m3)	  per	  year,	  measured	  at	  Lee's	  Ferry.	  This	  point	  separates	  the	  Lower	  Basin	  from	  the	  Upper	  (Figure	  1).	  There	  is	  an	  additional	  supply	  below	  Lee's	  Ferry,	  coming	  from	  Arizona	  tributaries,	  that	  brings	  the	  official	  total	  to	  16	  maf	  per	  year.	  The	  problem	  is	  that	  recently,	  scientists,	  by	  analyzing	  tree	  ring	  studies,	  now	  believe	  that	  the	  long-­‐term	  average	  runoff	  of	  the	  Colorado	  River	  is	  much	  lower	  at	  13.5	  maf	  per	  year	  (Morrison	  et	  al.,	  1996).	  Mexico	  also	  lays	  additional	  claim	  to	  the	  river's	  water	  by	  being	  entitled	  to	  1.5	  maf	  per	  year.	  This	  brings	  the	  total	  legal	  entitlements	  to	  17.5	  maf	  per	  year.	  To	  further	  widen	  the	  margin,	  about	  1.5	  maf	  is	  evaporated	  each	  year	  along	  the	  river	  and	  the	  various	  reservoirs	  along	  the	  river.	  The	  only	  way	  the	  river	  can	  be	  currently	  used	  without	  running	  dry	  is	  by	  allowing	  only	  California	  and	  Mexico	  use	  all	  of	  the	  water	  that's	  allocated	  to	  them.	  The	  total	  current	  use	  of	  Colorado	  River	  water	  from	  its	  basin	  (including	  reservoir	  and	  mainstream	  evaporation	  and	  phreatophyte	  transpiration)	  plus	  Mexico's	  claim	  is	  about	  14.4	  maf	  per	  year.	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   The	  upper	  basin	  currently	  uses	  a	  little	  more	  than	  half	  of	  its	  entitlement	  while	  the	  lower	  basin	  has	  used	  more	  than	  what	  it's	  entitled	  to	  (7.5	  maf	  per	  year),	  3	  out	  of	  the	  last	  5	  years.	  It	  is	  only	  because	  the	  upper	  basin	  States	  do	  not	  use	  their	  allotment	  that	  this	  has	  not	  become	  a	  critical	  issue.	  
People’s	  Dependency	  on	  the	  River’s	  Water	  	   Today	  there	  are	  about	  23	  million	  people	  residing	  in	  the	  lower	  Colorado	  basin	  that	  at	  least	  partially	  depend	  on	  the	  Colorado	  River.	  Some	  17	  million	  people,	  mostly	  residing	  in	  the	  greater	  Los	  Angeles	  and	  San	  Diego	  areas,	  or	  74%	  of	  the	  dependent	  people,	  receive	  their	  water	  via	  aqueducts.	  These	  three	  Lower	  Basin	  states	  (CA,	  AZ,	  NV	  in	  Figure	  1)	  are	  also	  experiencing	  the	  largest	  population	  boom	  in	  the	  country.	  By	  2020,	  38	  million	  people	  could	  be	  living	  in	  this	  area.	  During	  the	  years	  1988	  to	  1995	  the	  Colorado	  River's	  water	  consumption	  varied	  from	  6,622	  thousand	  acre-­‐feet	  (taf)	  to	  7,657	  taf	  with	  an	  average	  of	  7,276	  taf	  (Morrison	  et	  al.,	  1996).	  
	   In	  terms	  of	  water	  dependence,	  southern	  Nevada	  is	  the	  most	  dependent	  urban	  area	  for	  Colorado	  River	  water.	  	  Two	  thirds	  of	  its	  water	  comes	  from	  the	  Colorado	  River.	  In	  contrast,	  30%	  of	  Southern	  California's	  water	  comes	  from	  the	  Colorado	  River.	  Farms	  along	  the	  Coachella	  and	  Imperial	  Valleys	  rely	  on	  the	  Colorado	  for	  95%	  of	  their	  water	  supply	  (Morrison	  et	  al.,	  1996).	  
	   California	  is	  much	  more	  dry	  in	  the	  south	  than	  it	  is	  up	  north.	  As	  a	  result	  a	  major	  aqueduct,	  the	  California	  aqueduct,	  carries	  water	  from	  the	  Sierra	  Nevada	  in	  northern	  California	  to	  southern	  California.	  But	  this	  system	  is	  not	  always	  reliable.	  When	  the	  north	  experiences	  arid	  conditions	  not	  much	  water	  is	  spared	  for	  the	  south.	  Southern	  California	  has	  found	  the	  Colorado's	  supply	  to	  be	  much	  more	  reliable.	  Its	  supply	  is	  more	  reliable	  because	  of	  the	  various	  dams	  along	  the	  river	  that	  level	  out	  supply	  year	  after	  year.	  These	  reservoirs	  are	  able	  to	  hold	  60	  million	  acre-­‐feet	  of	  water	  or	  the	  equivalent	  to	  4	  year's	  supply.	  	  The	  River	  supplies	  66%	  of	  Southern	  California	  but	  only	  30%	  for	  the	  urban	  areas	  there	  (Morrison	  et	  al.,	  1996).	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Increased	  Water	  Demand	  in	  California	  	   California	  is	  concerned	  because	  it	  is	  allotted	  27%	  of	  the	  river's	  water	  or	  4.4	  maf	  per	  year	  according	  to	  the	  Boulder	  Canyon	  Project	  Act	  of	  1928.	  The	  problem	  is	  that	  over	  the	  last	  decade	  the	  state's	  average	  usage	  has	  been	  over	  5	  million-­‐acre	  feet	  per	  year.	  Southern	  California's	  water	  entitlement	  is	  divided	  between	  7	  interests.	  The	  Metropolitan	  Water	  District	  of	  Southern	  California	  (MWD)	  is	  the	  wholesale	  supplier	  for	  the	  urban	  areas.	  It	  has	  junior	  rights	  in	  comparison	  to	  the	  irrigation	  districts.	  The	  MWD	  is	  allotted	  the	  last	  550,000	  acre-­‐feet	  per	  year	  of	  California’s	  total	  allotment	  of	  4.4	  maf	  per	  year.	  	  Because	  of	  surplus	  flow	  in	  southern	  California	  the	  MWD	  actually	  makes	  use	  of	  1.212	  maf	  per	  year	  through	  contracts.	  	  As	  other	  states	  start	  using	  their	  full	  entitlements,	  California	  will	  be	  forced	  to	  cut	  back	  to	  its	  rightful	  usage	  of	  4.4	  maf	  per	  year.	  The	  first	  people	  to	  suffer	  will	  be	  urban	  dwellers	  because	  of	  their	  junior	  rights.	  	  Though	  when	  push	  comes	  to	  shove	  we	  shall	  see	  how	  much	  the	  people	  of	  southern	  California	  truly	  suffer	  when	  they	  begin	  to	  feel	  thirsty	  (Morrison	  et	  al.,	  1996).	  
	   California's	  irrigation	  districts	  historically	  claims	  25%	  of	  the	  total	  annual	  flow	  of	  the	  river	  to	  irrigate	  its	  988,421	  acres	  (400,000	  hectares)	  of	  farmland.	  Recently	  the	  State	  Water	  Resources	  Control	  Board	  has	  put	  pressure	  on	  irrigation	  districts	  to	  better	  conserve	  their	  water.	  The	  districts	  have	  now	  entered	  into	  water	  conservation-­‐and-­‐exchange	  programs	  with	  urban	  districts.	  Now	  there	  is	  also	  a	  long-­‐term	  water	  transfer	  negotiation	  between	  the	  San	  Diego	  Water	  Authority	  and	  the	  Imperial	  Irrigation	  District	  for	  the	  transfer	  of	  up	  to	  500,000	  acre-­‐feet	  of	  water	  per	  year	  (Morrison	  et	  al.,	  1996).	  
What	  Water	  Rights	  Do	  Indians	  Have?	  Indian	  water	  rights	  were	  not	  originally	  a	  concern	  when	  the	  Colorado	  River	  was	  divided	  between	  the	  two	  basins.	  It	  wasn't	  until	  1908	  that	  their	  water	  rights	  were	  recognized	  and	  granted	  by	  the	  U.S.	  Supreme	  Court.	  The	  Supreme	  Court	  decision	  stated	  that	  the	  Indians	  had	  the	  right	  to	  use	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water	  in	  the	  Colorado	  River,	  and	  that	  the	  states	  in	  which	  the	  Indians	  resided	  must	  fulfill	  their	  water	  demand.	  Water	  rights	  were	  granted	  to	  four	  Indian	  reservations	  along	  the	  lower	  Colorado	  River:	  the	  Chemehuevi,	  Cocopah,	  Mohave	  and	  Quechan.	  	  The	  Supreme	  Court	  only	  granted	  enough	  water	  to	  the	  tribes	  so	  that	  they	  could	  use	  it	  for	  irrigation.	  The	  total	  amount	  of	  water	  granted	  to	  the	  lower	  basin	  tribes	  was	  900,000	  acre-­‐feet	  (af)	  of	  water.	  Due	  to	  the	  lack	  of	  water	  in	  the	  lower	  basin,	  80	  to	  90%	  of	  their	  entitlement	  was	  taken	  away	  by	  the	  Lower	  Basin	  states	  (Gelt,	  1997).	  	  
The	  upper	  basin	  tribes	  were	  granted	  one	  maf,	  and	  were	  allowed	  to	  use	  this	  full	  amount.	  Other	  tribes,	  like	  the	  Walapai	  and	  Havasupai,	  have	  not	  taken	  any	  legal	  action	  towards	  claiming	  their	  rights	  to	  use	  the	  Colorado	  River.	  Twenty	  five	  thousand	  square	  miles	  of	  the	  Navajo	  reservation	  are	  located	  within	  the	  Colorado	  River	  Basin.	  This	  area	  is	  nearly	  the	  total	  area	  of	  the	  Navajo	  nation.	  This	  has	  allowed	  for	  them	  to	  be	  granted	  rights	  to	  the	  river	  if	  they	  so	  wish.	  The	  amount	  that	  they	  could	  claim	  was	  speculated	  to	  be	  from	  2	  to	  5	  maf.	  If	  granted,	  the	  allocated	  amount	  for	  this	  tribe	  could	  cut	  into	  the	  apportionment	  of	  Arizona,	  New	  Mexico,	  Colorado,	  and	  Utah	  (Gelt,	  1997).	  
Figure	  removed	  due	  to	  copyright	  limitations	  but	  can	  be	  found	  at:	  
http://nap.entclub.org/NewFiles/Navajo_Map1.jpg	  
Figure	  4:	  Map	  of	  the	  Navajo	  Nation	  (26,000	  square	  miles)	  saddling	  the	  quad	  state	  border	  (The	  Navajo	  Ant	  Project,	  
2008).	  
Water	  Diversions	  to	  Nevada	  and	  the	  Mexicali	  Valley	  	   Rain	  averages	  9	  inches	  per	  year	  in	  Nevada,	  making	  it	  the	  driest	  state	  in	  the	  Union.	  Since	  the	  state	  lacks	  much	  surface	  water	  and	  is	  already	  using	  most	  of	  it,	  Nevada	  has	  traditionally	  relied	  mostly	  on	  groundwater.	  Since	  the	  1960s	  this	  groundwater	  has	  suffered	  severe	  overdraft.	  By	  1971	  the	  Southern	  Nevada	  Water	  System	  was	  the	  first	  substantial	  diversion	  of	  Colorado	  River	  water	  into	  Nevada.	  The	  State	  now	  relies	  on	  the	  Colorado	  River	  for	  two	  thirds	  of	  its	  water	  (Morrison	  et	  al.,	  1996).	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   Sixty	  percent	  of	  Mexicali	  Valley's	  water	  comes	  from	  the	  Colorado	  River	  and	  the	  remainder	  comes	  from	  pumped	  ground	  water.	  A	  good	  amount	  of	  this	  groundwater	  comes	  from	  the	  Colorado	  River	  through	  percolated	  irrigation	  water	  from	  the	  United	  States.	  Mexico	  usually	  receives	  1.5	  maf	  of	  water	  each	  year.	  Rarely	  do	  they	  receive	  more,	  and	  only	  during	  flood	  years.	  All	  of	  the	  water	  arriving	  at	  the	  Northern	  International	  Border	  is	  diverted	  for	  human	  use	  at	  the	  Alamo	  intake	  at	  Morelos	  Dam	  (Morrison	  et	  al.,	  1996).	  
The	  Transfer	  and	  Sale	  of	  Water	  between	  States	  Water	  marketing	  is	  the	  selling,	  transfer,	  or	  leasing	  of	  Colorado	  River	  water	  either	  within	  or	  between	  states	  or	  the	  basin.	  For	  California,	  water	  became	  harder	  to	  buy	  from	  other	  states.	  Meanwhile,	  the	  Imperial	  Irrigation	  District,	  the	  Metropolitan	  Water	  District	  and	  the	  San	  Diego	  Country	  Water	  Authority	  have	  been	  responsible	  for	  transferring	  Colorado	  River	  water	  to	  the	  state.	  The	  federal	  government	  supported	  the	  transfer	  and	  marketing	  of	  the	  Colorado	  River	  because	  they	  believed	  it	  would	  allow	  flexibility	  in	  water	  management.	  The	  U.S	  Bureau	  of	  Reclamation	  released	  a	  draft	  on	  water	  transfer	  regulations	  for	  intrastate	  and	  interstate	  trading	  in	  1994	  in	  order	  to	  allow	  states	  to	  transfer	  its	  unused	  entitlement	  or	  conserved	  water	  for	  the	  Lower	  Basin	  (Gelt,	  1997).	  
Arizona	  was	  the	  only	  state	  that	  opposed	  the	  above	  water	  regulation.	  As	  a	  result,	  the	  state	  created	  its	  own	  water	  bank	  in	  1995	  in	  order	  to	  secure	  its	  full	  2.8	  maf	  allocation	  of	  water.	  Arizona	  is	  very	  protective	  of	  its	  water	  because	  they	  fear	  California	  and	  Nevada	  might	  try	  to	  claim	  unused	  flow.	  California	  and	  Nevada	  are	  allowed	  to	  store	  water	  in	  Arizona's	  water	  bank	  for	  a	  fee	  and	  whenever	  the	  water	  is	  needed	  the	  states	  simply	  pump	  its	  water	  out.	  The	  main	  purpose	  of	  the	  Arizona	  water	  bank	  was	  not	  profit.	  	  Instead,	  Arizona	  wanted	  to	  promote	  extra	  flexibility	  in	  Colorado	  River	  management	  by	  providing	  an	  interstate	  water	  storage	  service.	  At	  present,	  there	  are	  a	  lot	  of	  legal	  and	  political	  obstacles	  that	  prevent	  the	  exchange	  of	  water	  between	  the	  Upper	  and	  Lower	  Basin	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states.	  However,	  some	  officials	  believe	  that	  water	  marketing	  is	  the	  future	  of	  Colorado	  River	  management	  (Gelt,	  1997).	  
In	  2003,	  the	  Interior	  department	  threatened	  the	  Imperial	  Valley	  farmers	  by	  cutting	  off	  their	  water	  supply.	  The	  department	  viewed	  the	  valley	  farmer's	  use	  of	  hundreds	  of	  acre-­‐feet	  of	  water	  per	  year	  as	  wasteful	  in	  light	  of	  the	  growing	  cities	  of	  San	  Diego	  and	  Los	  Angeles.	  As	  a	  result,	  the	  two	  cities	  forced	  the	  Imperial	  Valley	  to	  transfer	  water	  to	  them.	  Eleven	  percent	  of	  their	  water	  was	  to	  be	  shipped	  to	  the	  two	  cities	  every	  year.	  This	  transfer	  has	  threatened	  the	  $1	  billion	  a	  year	  farming	  industry	  in	  California’s	  poorest	  county	  (Hettena,	  2003).	  
The	  King	  County	  Water	  Commission,	  in	  2009,	  planned	  to	  sell	  14,000	  acre-­‐feet	  of	  water	  a	  year	  to	  the	  Mojave	  Water	  Agency	  in	  San	  Bernardino	  County	  for	  $5,500	  per	  acre-­‐foot.	  The	  people	  of	  King	  county,	  has	  as	  a	  result,	  lost	  their	  water	  rights	  since	  the	  county	  government	  now	  owns	  them.	  
In	  the	  Bay	  Area	  an	  almond	  producing	  company	  planned	  to	  cut	  down	  2,500	  acres	  of	  almond	  trees	  in	  order	  to	  sell	  its	  water.	  The	  price	  of	  water	  exceeded	  crop	  profits,	  so	  farmers	  naturally	  preferred	  to	  sell	  their	  water	  and	  allow	  their	  fields	  to	  go	  fallow.	  This	  is	  an	  issue	  because	  it	  interferes	  with	  our	  crop	  supply	  (Nidever,	  2009).	  As	  water	  becomes	  more	  precious,	  farmers	  are	  having	  to	  fight	  more	  against	  competing	  business	  and	  government	  interests	  and	  as	  a	  result	  their	  water	  rights	  are	  being	  encroached.	  	  
Future	  Water	  Shortage	  	   Contemporary	  policy	  assumes	  that	  future	  water	  supply	  will	  be	  similar	  to	  current	  and	  past	  flows	  and	  have	  thus	  allocated	  the	  river's	  flow	  according	  to	  this	  assumption.	  Engineers	  have	  built	  dams,	  reservoirs	  and	  other	  structures	  that	  are	  supposed	  to	  last	  50	  to	  150	  years	  without	  having	  significant	  meteorological	  data	  that’s	  conclusive.	  Though	  controversial,	  climate	  change	  is	  a	  reality	  
IQP	  2009-­‐2010	   	   Tapping	  the	  Colorado	  River	  	  
	   Worcester	  Polytechnic	  Institute	   	  13
and	  future	  climate	  fluctuations	  may	  drastically	  change	  supply	  and	  demand	  and	  eventually	  river	  flow	  allocations	  would	  have	  to	  be	  rethought	  (Morrison	  et	  al.,	  1996).	  
	   Reduced	  snowfall	  would	  decrease	  water	  flow	  used	  for	  power	  generation	  and	  agriculture.	  Higher	  flow	  variability,	  especially	  during	  floods	  and	  droughts,	  decreases	  water	  quality	  and	  thus	  biological	  productivity.	  The	  salinity	  of	  the	  water	  could	  change,	  and	  the	  water	  levels	  at	  the	  reservoirs	  could	  drop	  (Morrison	  et	  al.,	  1996).	  
	   The	  future	  of	  the	  Southern	  Basin	  States	  is	  going	  to	  involve	  figuring	  out	  how	  to	  most	  efficiently	  use	  water	  that's	  allocated	  to	  them	  as	  Northern	  Basin	  States	  start	  to	  use	  more	  and	  more	  of	  their	  fair	  share.	  They	  will	  have	  to	  balance	  population	  growth	  with	  scarce	  water	  resources	  that	  may	  change	  with	  the	  climate	  (Morrison	  et	  al.,	  1996).	  	  
Taming	  the	  River	  
Construction	  along	  the	  Colorado	  River	  	   The	  Colorado	  River	  runs	  between	  two	  countries,	  the	  United	  States	  and	  Mexico,	  and	  is	  estimated	  to	  be	  1,400	  miles	  in	  length.	  Its	  watershed	  is	  around	  244,000	  square	  miles	  (632,000	  Km2),	  but	  only	  2000	  square	  miles	  (3,200	  Km2)	  lie	  in	  Mexico.	  The	  area	  that	  we	  have	  studied	  begins	  at	  the	  Imperial	  Dam,	  which	  is	  located	  close	  to	  the	  northern	  international	  border	  with	  Mexico.	  There	  have	  been	  many	  dams	  built	  upstream	  of	  the	  Colorado	  River	  that	  have	  contributed	  to	  the	  problems	  experienced	  at	  the	  lower	  delta,	  such	  as	  the	  disappearance	  of	  wetlands	  because	  only	  minimal	  water	  reaches	  the	  delta.	  
	   There	  are	  several	  rivers	  and	  lakes	  that	  directly	  or	  indirectly	  connect	  to	  the	  Colorado	  River.	  The	  Gila	  River	  is	  one	  that	  connects	  with	  the	  River	  near	  Yuma,	  Arizona.	  This	  river	  is	  around	  630	  miles	  (1,010	  Km)	  long	  with	  a	  watershed	  of	  around	  58,000	  square	  miles	  (150,000	  Km2).	  The	  other	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two	  rivers,	  the	  Alamo	  and	  the	  New	  River,	  connect	  the	  All-­‐American	  Canal	  to	  the	  Salton	  Sea	  and	  deliver	  agricultural	  drainage	  and	  sewage	  to	  the	  Salton	  Sea	  (Cohen	  et	  al.,	  2001)	  
Impacts	  of	  the	  River	  on	  Life	  	   Various	  Indian	  tribes	  have	  occupied	  the	  fertile	  alluvial	  soil	  of	  the	  Colorado	  River	  Delta	  for	  hundreds	  if	  not	  thousands	  of	  years.	  Plans	  to	  irrigate	  the	  Salton	  Sink	  have	  been	  in	  place	  as	  early	  as	  1849	  but	  it	  wasn't	  until	  1901	  that	  the	  California	  Development	  Company	  started	  work	  by	  digging	  a	  headgate	  just	  north	  of	  the	  international	  boundary	  so	  the	  former	  Colorado	  River	  channel,	  the	  Alamo	  River,	  could	  flow.	  That	  year	  2,000	  settlers	  dug	  400	  miles	  of	  canals	  to	  prepare	  100,000	  acres	  of	  land	  for	  cultivation.	  Unfortunately,	  in	  the	  winter	  of	  1904-­‐1905,	  the	  flood	  in	  the	  main	  stream	  broke	  the	  temporary	  headgate.	  The	  water	  went	  in	  the	  wrong	  direction	  and	  ultimately	  flooded	  hundreds	  of	  thousands	  of	  acres	  in	  the	  Salton	  Basin.	  Also,	  the	  water	  destroyed	  most	  of	  Mexicali,	  and	  transported	  an	  estimated	  450	  million	  cubic	  yards	  of	  sediment	  into	  the	  newly	  formed	  Salton	  Sea.	  In	  a	  period	  of	  2	  years	  most	  of	  the	  Colorado	  River	  flowed	  into	  the	  Salton	  Basin	  creating	  the	  now	  Salton	  Sea.	  This	  flow	  carved	  the	  soft	  sediments,	  creating	  the	  New	  River.	  It	  also	  destroyed	  most	  of	  Mexicali	  (Cohen	  et	  al.,	  2001).	  
	   Periodic	  flooding	  plagued	  this	  region,	  tormenting	  the	  residents	  of	  Yuma,	  Arizona	  and	  surrounding	  farmlands.	  The	  people	  eventually	  looked	  to	  the	  federal	  government	  to	  dam	  the	  river	  to	  control	  flooding.	  Also	  residents	  of	  Southern	  California	  were	  eager	  to	  use	  this	  water	  for	  their	  growing	  cities.	  The	  first	  dam,	  the	  Laguna	  Dam	  (Figure	  2),	  was	  finished	  in	  1909	  to	  serve	  the	  Gila	  and	  Yuma	  canals.	  The	  Hoover	  Dam	  (Figure	  1),	  built	  in	  1936,	  controls	  release	  to	  the	  border	  region.	  The	  Imperial	  Dam	  (Figure	  2)	  divides	  water	  into	  the	  All-­‐American	  Canal	  and	  the	  Gila	  Gravity	  Main	  Canal.	  The	  last	  dam,	  the	  Morelos	  Dam	  (Figure	  2;	  completed	  in	  1950)	  diverts	  water	  into	  Mexico's	  Alamo	  Canal	  (Cohen	  et	  al.,	  2001).	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   At	  the	  turn	  of	  the	  20th	  century	  the	  U.S.	  controlled	  large	  parts	  of	  the	  delta	  region	  in	  Mexico.	  Mexico's	  Cardenas	  administration	  expropriated	  these	  landholdings	  so	  that	  ejidos	  (communal	  farms)	  could	  develop.	  At	  first	  these	  lands	  were	  irrigated	  with	  Colorado	  River	  surface	  water.	  By	  the	  1950s	  the	  Colorado	  River	  mainstream	  flow	  decreased	  due	  to	  the	  filling	  of	  the	  Glen	  Canyon	  reservoir	  and	  increased	  U.S.	  water	  use.	  Mexico	  resorted	  to	  large-­‐scale	  groundwater	  extraction.	  With	  the	  help	  of	  these	  canals	  and	  dams,	  some	  1.2	  million	  acres	  of	  land	  in	  the	  border	  region	  were	  converted	  to	  agricultural	  use.	  In	  1997	  the	  region	  generated	  $2	  billion	  in	  revenue	  (Rochin,	  1985).	  
	   The	  delta	  of	  the	  Colorado	  River	  supports	  numerous	  species	  of	  plants,	  animals,	  and	  other	  natural	  habitats.	  Dams	  were	  built	  at	  the	  upper	  delta	  to	  reserve	  and	  deliver	  water	  to	  irrigated	  land.	  All	  the	  water	  in	  the	  river	  was	  allocated	  for	  human	  use,	  agricultural	  and	  municipal.	  There's	  a	  historically	  prevailing	  notion	  that	  letting	  the	  water	  flow	  down	  into	  Mexico	  and	  the	  delta	  is	  a	  waste	  of	  water.	  The	  hot	  weather	  in	  the	  Sonoran	  Desert	  also	  contributed	  to	  the	  reduction	  of	  water	  availability	  because	  the	  evaporation	  rate	  is	  extremely	  high,	  at	  about	  nine	  feet	  (2.7	  m)	  per	  year.	  Sadly,	  due	  to	  human	  use	  and	  high	  evaporation	  rates,	  water	  hardly	  ever	  made	  it	  to	  the	  lower	  delta.	  Dams	  also	  trap	  silt	  that	  was	  used	  to	  replenish	  the	  delta	  sediment.	  Without	  the	  deposit	  of	  silt,	  the	  delta	  sediment	  eroded	  significantly	  in	  the	  last	  50-­‐60	  years.	  As	  a	  result,	  the	  lower	  delta	  turned	  from	  a	  brackish	  wetland	  to	  a	  mud	  or	  salt	  flat,	  which	  is	  unusable	  by	  many	  of	  the	  native	  plants	  and	  animals,	  hence	  the	  reduction	  of	  natural	  habitat	  and	  animals.	  Moreover,	  the	  indigenous	  people	  who	  lived	  in	  this	  area	  also	  became	  affected.	  For	  example,	  the	  Cocopa	  had	  a	  hard	  time	  sustaining	  their	  traditional	  livelihood,	  which	  depended	  upon	  flow	  in	  the	  river	  delta	  (Glenn	  et	  al.,	  2001).	  
The	  Beginnings	  of	  Water	  Shortage	  	   Before	  people	  began	  changing	  the	  lower	  Colorado	  River,	  the	  amount	  of	  water	  that	  flowed	  through	  the	  delta	  varied	  from	  zero	  to	  4.86	  acre-­‐feet	  per	  second.	  The	  water	  flow	  rate	  varied	  because	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of	  rainfall	  and	  snowmelt	  in	  the	  watershed.	  Also	  at	  certain	  times	  water	  was	  naturally	  completely	  diverted	  into	  the	  Salton	  Sink,	  creating	  ancient	  lakes.	  One	  thing	  that	  marked	  the	  time	  before	  the	  dams	  were	  built	  and	  the	  water	  was	  diverted	  for	  agricultural	  use	  in	  the	  year	  1896	  was	  that	  the	  water	  reached	  the	  lower	  delta	  even	  during	  non-­‐flood	  years.	  The	  first	  sign	  of	  reduction	  in	  water	  flow	  to	  the	  lower	  delta	  was	  observed	  in	  the	  year	  1932,	  with	  the	  beginnings	  of	  water	  diversions	  in	  the	  upper	  basin.	  Moreover,	  during	  the	  flood	  years,	  only	  25%	  of	  the	  water	  made	  it	  to	  the	  delta.	  During	  normal	  years,	  water	  did	  not	  reach	  the	  delta	  wetlands	  because	  Mexico	  used	  all	  of	  the	  water	  that	  was	  given	  to	  them	  according	  to	  the	  1944	  treaty	  (Maganda,	  2005).	  	  
Drought,	  Increased	  Salinity	  and	  Human	  Activities	  Affects	  Water	  Availability	  	   The	  Rio	  Bravo/Rio	  Grande,	  the	  Hueco,	  and	  the	  Mexilla	  Bolson	  supply	  water	  to	  all	  the	  eastern	  border	  states	  of	  the	  United	  States	  and	  Mexico.	  The	  areas	  along	  the	  United	  States	  and	  Mexico	  border	  are	  among	  the	  driest	  in	  the	  world	  because	  less	  than	  eight	  inches	  of	  rain	  a	  year	  falls	  there	  and	  also	  because	  of	  high	  surface	  water	  evaporation.	  With	  increased	  demand	  on	  water	  due	  to	  the	  region's	  increasing	  population,	  rapid	  industrialization	  and	  urbanization,	  water	  has	  become	  a	  valuable	  prize	  that	  both	  countries	  are	  competing	  for.	  This	  has	  made	  the	  United	  States	  and	  Mexico	  realize	  the	  need	  for	  mutually	  beneficial	  treaties	  that	  regulate	  the	  amount	  of	  water	  each	  country	  is	  allocated	  (Maganda,	  2005).	  	  
	   The	  United	  States-­‐Mexico	  border	  runs	  from	  East	  to	  West	  and	  has	  an	  estimated	  length	  of	  3,200	  km.	  Besides	  drought	  and	  reduced	  water	  resources,	  poor	  infrastructure	  is	  another	  issue	  that	  has	  caused	  stress	  to	  the	  people	  in	  this	  area.	  In	  Mexico,	  half	  of	  the	  water	  is	  wasted	  due	  to	  broken	  pipes.	  More	  than	  half	  of	  the	  irrigation	  water	  is	  lost	  due	  to	  evaporation,	  and	  less	  than	  half	  of	  the	  wastewater	  is	  recycled.	  In	  the	  United	  States,	  contamination	  of	  water	  due	  to	  deficient	  wastewater	  treatment,	  disposal	  of	  untreated	  effluents,	  and	  inadequate	  maintenance	  of	  treatment	  plants	  have	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tainted	  an	  already	  constrained	  supply.	  Lack	  of	  clean	  water	  in	  United	  State	  poses	  potential	  health	  risks	  to	  the	  people	  of	  New	  Mexico	  (Maganda,	  2005).	  
	   The	  Hueco	  Bolson	  aquifer’s	  capacity	  was	  around	  12.4	  million	  acre-­‐feet	  of	  water,	  nine	  million	  of	  which	  was	  fresh.	  The	  rate	  at	  which	  the	  river	  recharged	  the	  aquifer	  was	  much	  slower	  than	  the	  rate	  of	  extraction,	  in	  fact	  it	  was	  only	  5%	  compared	  to	  the	  extraction	  rate.	  The	  groundwater	  level	  has	  been	  dropping	  by	  1.5	  to	  7	  m	  annually.	  If	  the	  water	  level	  keeps	  decreasing	  at	  this	  rate	  the	  river	  could	  become	  dry	  by	  the	  year	  2030	  (Sanchez,	  2006).	  	  
The	  Rio	  Grande	  	   On	  top	  of	  the	  twenty	  dams,	  reservoirs,	  and	  diversions	  constructed	  along	  the	  Rio	  Grande,	  increasing	  business	  and	  migration	  have	  created	  a	  serious	  burden	  on	  water	  availability	  in	  the	  border	  communities.	  Water	  is	  essential	  to	  living	  things	  in	  order	  to	  stay	  alive	  and	  is	  needed	  for	  nearly	  every	  human	  activity.	  	  In	  arid	  regions,	  water	  naturally	  becomes	  a	  precious	  commodity.	  Agriculture	  and	  the	  Maquiladoras	  have	  caused	  the	  demand	  for	  water	  along	  the	  Border	  States	  to	  increase	  dramatically.	  Maquiladoras	  is	  a	  milling	  or	  processing	  industry	  in	  Mexico	  that	  mills	  various	  different	  grains	  or	  processes	  products	  duty-­‐free.	  The	  population	  of	  the	  northern	  Mexican	  border	  region	  had	  quadrupled	  within	  five	  years	  (1945-­‐1950).	  The	  number	  of	  people	  living	  along	  the	  border	  in	  1945	  was	  1,056,000;	  this	  number	  had	  increased	  by	  400%	  by	  the	  year	  1950	  (Sanchez,	  2006).	  The	  Maquiladoras	  industry	  requires	  a	  lot	  of	  water	  and	  creates	  a	  large	  amount	  of	  waste.	  Unfortunately,	  this	  business	  was	  granted	  the	  right	  to	  use	  as	  much	  water	  as	  needed,	  while	  the	  indigenous	  communities	  have	  no	  rights	  to	  operate	  new	  wells	  or	  filtration	  plants	  to	  collect	  water	  that	  they	  could	  use	  to	  fulfill	  their	  basic	  human	  needs	  (Sanchez,	  2006).	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Impacts	  of	  Water	  Shortage	  	   Surface	  waters	  and	  ground	  waters	  are	  over-­‐exploited	  to	  provide	  a	  year-­‐round	  water	  supply	  to	  the	  people	  on	  both	  sides	  of	  the	  border.	  It	  was	  estimated	  that	  the	  ground	  water	  in	  the	  Ciudad	  Juárez-­‐El	  Paso,	  TX	  area	  would	  run	  dry	  in	  the	  next	  20	  years.	  The	  impact	  of	  drought	  has	  had	  numerous	  impacts	  on	  the	  people	  and	  the	  rivers.	  The	  recharge	  rate	  from	  surface	  water	  is	  slower	  due	  to	  drought,	  which	  directly	  decreases	  the	  water	  levels	  at	  the	  dams.	  Crop	  production	  on	  both	  sides	  of	  the	  border	  decreased	  in	  recent	  years	  due	  to	  shortages	  of	  water.	  The	  U.S.	  has	  experienced	  a	  $400	  million	  loss	  in	  agricultural	  production.	  Mexico	  experienced	  an	  even	  bigger	  impact	  since	  the	  year	  1994.	  Land	  designated	  for	  farming	  has	  continued	  to	  decrease	  in	  the	  past	  ten	  years.	  In	  the	  year	  1996,	  a	  food	  shortage	  forced	  the	  Mexican	  government	  to	  import	  $2	  billion	  worth	  of	  grain	  (Kelly,	  2001).	  	  
Current	  Water	  Issues	  between	  Basins	  	   Due	  to	  the	  Upper	  Basins'	  slower	  development,	  it	  has	  not	  completely	  used	  up	  its	  allocation	  of	  the	  Colorado	  River's	  water.	  The	  Lower	  Basin's	  faster	  development	  has	  lead	  to	  an	  increase	  in	  demand	  for	  water	  in	  the	  area.	  Meanwhile,	  southern	  Nevada's	  ground	  reserves	  and	  Colorado	  River	  allocation	  will	  meet	  their	  needs	  only	  until	  2015.	  Throughout	  its	  history	  California	  has	  been	  a	  thirsty	  state.	  In	  order	  to	  meet	  its	  demands,	  California	  had	  to	  divert	  unused	  upper	  and	  lower	  basin	  water.	  In	  1997	  California	  used	  5.2	  maf,	  or	  about	  0.8	  maf	  per	  year	  more	  than	  its	  allowed.	  If	  every	  state	  were	  to	  use	  up	  the	  amount	  that	  it’s	  apportioned,	  California	  would	  not	  have	  this	  extra	  water	  that	  it	  needs.	  Eventually	  conflicts	  may	  escalate	  in	  the	  future.	  Recognizing	  this	  problem,	  California	  has	  set	  up	  a	  goal	  to	  limit	  its	  use	  of	  the	  Colorado	  River	  to	  4.4	  maf	  per	  year	  (Gelt,	  1997).	  
Table	  1:	  This	  table	  summarizes	  the	  amount	  of	  water	  used	  by	  each	  basin	  state.	  The	  lower	  basin	  states	  consume	  
more	  water	  than	  the	  upper	  basin.	  It	  also	  details	  California’s	  over	  use	  of	  what	  its	  allocated.	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The	  1944	  Water	  Treaty	  	   Before	  the	  1944	  Treaty	  was	  signed,	  the	  Treaty	  of	  Peace	  and	  Friendship	  of	  1848	  and	  the	  Convention	  between	  the	  United	  States	  and	  Mexico	  for	  the	  Equitable	  Distribution	  of	  the	  Waters	  of	  the	  Rio	  Bravo/Rio	  Grande	  in	  1906	  have	  been	  used	  to	  manage	  and	  allocate	  the	  surface	  boundary	  water	  between	  the	  two	  countries.	  The	  1944	  Water	  Treaty	  was	  signed	  on	  February	  3,	  1944	  in	  Washington.	  In	  Article	  4	  of	  the	  1944	  Treaty,	  the	  Mexicans	  were	  allocated	  all	  the	  water	  that	  ran	  forward	  and	  backward	  from	  the	  San	  Juan	  and	  Alamo	  Rivers	  and	  reached	  the	  main	  channel	  of	  the	  Rio	  Grande.	  They	  also	  got	  half	  the	  water	  that	  flows	  below	  the	  lowest	  major	  international	  storage	  dam,	  two	  thirds	  of	  the	  water	  that	  flowed	  from	  the	  Conchos,	  San	  Diego,	  San	  Rodrigo,	  Escondido,	  Salado	  Rivers,	  and	  the	  Las	  Vegas	  Stream	  to	  the	  main	  channel	  of	  the	  Rio	  Grande,	  and	  half	  of	  other	  flows	  that	  were	  not	  mentioned	  in	  Article	  4	  (Sanchez,	  2006).	  Moreover,	  Mexico	  received	  an	  average	  of	  1.5	  million	  acre-­‐feet	  of	  water	  from	  every	  five-­‐year	  cycle	  belonging	  to	  the	  United	  States.	  	  	  
	   On	  the	  other	  hand,	  the	  United	  States	  was	  allotted	  all	  the	  water	  that	  flowed	  from	  the	  Pecos	  and	  Devils	  Rivers,	  Good-­‐enough	  Spring,	  and	  Alamito,	  Terlingua,	  San	  Felipe	  and	  Pinto	  Creeks	  to	  the	  main	  channel	  of	  the	  Rio	  Grande.	  In	  addition,	  the	  U.S.	  was	  allocated	  “one	  half	  of	  the	  flow	  in	  the	  main	  
IQP	  2009-­‐2010	   	   Tapping	  the	  Colorado	  River	  	  
	   Worcester	  Polytechnic	  Institute	   	  20
channel	  of	  the	  Rio	  Grande	  below	  the	  lowest	  major	  international	  storage	  dam”	  (Sanchez,	  2006)	  and	  one	  half	  of	  all	  other	  flow	  not	  mentioned	  in	  Article	  4.	  The	  U.S.	  also	  received	  an	  average	  of	  350,000	  acre	  feet	  every	  five	  years	  from	  Mexico.	  However,	  in	  case	  of	  extraordinary	  drought	  or	  serious	  injury	  to	  the	  hydraulic	  systems,	  Mexico	  could	  pay	  their	  debt	  in	  the	  next	  five-­‐year	  cycle.	  
	   A	  cycle	  of	  five	  years	  starts	  and	  ends	  depending	  upon	  whether	  two	  or	  more	  of	  the	  major	  international	  reservoirs	  are	  filled	  with	  United	  State	  water	  or	  not.	  	  These	  two	  international	  dams	  are	  the	  Felcon	  and	  Amistad,	  which	  store	  water	  that	  belongs	  to	  both	  countries.	  Until	  both	  of	  these	  reservoirs	  are	  filled	  to	  capacity	  with	  United	  States	  water,	  a	  new	  five-­‐year	  cycle	  will	  not	  start	  again.	  	   The	  water	  in	  both	  reservoirs	  was	  last	  at	  capacity	  in	  1992.	  Therefore,	  Mexico's	  water	  debt	  to	  the	  United	  States	  started	  to	  grow	  from	  1992.	  Up	  until	  now,	  Mexico	  owes	  the	  United	  States	  1.4	  million	  acre-­‐feet	  of	  water	  (Travis,	  2002).	  Since	  the	  debt	  began,	  Cameron,	  Hidalgo,	  Starr,	  and	  Willacy	  counties	  irrigated	  agricultural	  acreage	  fell	  by	  14%.	  	  
Incompetence	  in	  Water	  Management	  	   The	  International	  Boundary	  and	  Water	  Commission	  has	  recently	  been	  criticized	  on	  its	  functional	  mandate,	  administrative	  structure	  and	  capabilities,	  operational	  style,	  diplomatic	  effectiveness	  and	  basically	  its	  ability	  to	  adapt	  to	  contemporary	  issues.	  It	  is	  further	  criticized	  for	  its	  narrow	  technical	  and	  political	  interpretations	  of	  treaty	  mandates,	  solving	  mandate	  issues,	  staff	  deficiencies	  only	  as	  they	  arise	  and	  not	  responding	  quick	  enough	  to	  local	  interests	  (Mumme,	  2005).	  
History	  of	  the	  Management	  of	  the	  Colorado	  River	  The	  Colorado	  basin	  states	  felt	  the	  threat	  of	  water	  shortages	  as	  early	  as	  the	  1920s.	  Their	  primary	  fear	  was	  that	  California	  would	  have	  priority	  rights	  towards	  using	  the	  Colorado	  River	  because	  of	  their	  population	  booms.	  The	  upper	  states	  were	  slower	  growing	  and	  so	  required	  less	  water	  to	  support	  its	  people.	  Therefore,	  they	  had	  less	  clout	  compared	  to	  the	  lower	  basin	  states.	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These	  states'	  fear	  became	  a	  reality	  when	  in	  June	  of	  1922	  the	  U.S.	  Supreme	  Court	  granted	  California	  preferential	  use	  of	  the	  Colorado	  River	  (Gelt,	  1997).	  
Tensions	  rose	  between	  the	  two	  basins	  as	  a	  result	  of	  this	  Supreme	  Court	  ruling.	  In	  order	  to	  settle	  this	  dispute,	  the	  River's	  water	  was	  divided	  equally	  between	  the	  two	  basins	  at	  Lee's	  Ferry.	  Wyoming,	  Colorado,	  Utah	  and	  New	  Mexico	  were	  grouped	  together	  as	  the	  upper	  basin	  and	  California,	  Arizona,	  and	  Nevada	  were	  grouped	  together	  as	  the	  lower	  basin.	  The	  upper	  basin	  was	  mandated	  to	  deliver	  7.5	  million	  acre-­‐feet	  per	  (maf)	  year	  to	  the	  lower	  basin.	  However	  initially,	  the	  lower	  basin	  was	  to	  receive	  one	  maf	  more	  because	  the	  U.S	  Supreme	  Court	  wanted	  them	  to	  accept	  the	  offer	  and	  settle	  all	  disputes.	  In	  actuality,	  the	  lower	  basin	  received	  much	  more	  water	  than	  7.5	  maf	  per	  year.	  According	  to	  the	  delegates	  who	  analyzed	  the	  hydrologic	  data	  from	  the	  Reclamation	  Bureau,	  there	  was	  some	  16.4	  maf	  per	  year	  of	  river	  water	  that	  flowed	  past	  Lee's	  Ferry	  (Gelt,	  1997).	  
	   All	  the	  states	  in	  both	  basins	  agreed	  to	  the	  proposal	  except	  for	  Arizona.	  One	  of	  the	  issues	  that	  Arizona	  disagreed	  with	  was	  the	  two-­‐basin	  separation,	  the	  state	  wanted	  individual	  state	  allocations.	  Arizona	  was	  worried	  about	  having	  to	  compete	  with	  the	  giant,	  California.	  The	  construction	  of	  the	  Hoover	  Dam	  and	  the	  All-­‐American	  Canal	  intensified	  bitterness	  between	  Arizona	  and	  California	  because	  these	  projects	  provided	  water	  to	  California.	  Eventually	  Arizona	  conceded	  because	  it	  realized	  that	  it	  needed	  to	  deliver	  water	  to	  the	  south	  central	  part	  of	  the	  state	  and	  the	  canal	  and	  dam	  would	  more	  effectively	  allow	  for	  this.	  On	  February	  3,	  1944,	  Arizona	  agreed	  to	  the	  allocation	  plan,	  but	  it	  still	  disagreed	  with	  the	  building	  of	  the	  Hoover	  Dam	  and	  All-­‐American	  Canal.	  Finally,	  after	  11	  years	  of	  negotiating,	  they	  came	  to	  an	  agreement.	  It	  was	  decided	  that	  California	  would	  receive	  4.4	  maf,	  Arizona	  2.8	  maf,	  and	  Nevada	  300,000	  acre-­‐feet	  per	  year.	  Arizona	  realized	  its	  goal	  of	  delivering	  water	  to	  its	  dry	  south-­‐central	  area	  while	  also	  receiving	  a	  satisfying	  yearly	  allotment	  of	  water	  (Gelt,	  1997).	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Water	  scarcity	  and	  it's	  appropriation	  has	  traditionally	  been	  a	  driving	  force	  of	  debate	  within	  this	  region	  and	  unless	  the	  river	  provides	  more	  water	  this	  issue	  will	  only	  intensify	  as	  more	  and	  more	  people	  lay	  claim	  to	  the	  river	  in	  the	  future.	  
Changes	  in	  Conventions	  and	  Laws	  	   The	  IBWC's	  predecessors	  include	  the	  International	  Boundary	  Commission,	  created	  from	  the	  1889	  U.S.	  Mexico	  Boundary	  Convention	  and	  many	  other	  international	  water	  Commissions	  created	  early	  in	  the	  20th	  century	  to	  deal	  with	  disputes	  between	  the	  U.S.	  and	  Mexico.	  The	  IBWC's	  mandate	  stem	  from	  earlier	  agreements	  which	  include:	  the	  1882	  and	  1889	  Boundary	  Conventions,	  1906	  Convention	  on	  the	  Rio	  Grande,	  the	  1933	  Boundary	  Rectification	  Convention,	  the	  1944	  Water	  Treaty,	  the	  1963	  Chamizal	  Convention,	  and	  the	  1970	  Boundary	  Treaty	  (Maganda,	  2005).	  Table	  2	  shows	  the	  pros	  and	  cons	  present	  in	  each	  of	  the	  following	  convention.	  
Table	  2:	  Major	  Events	  in	  the	  Evolution	  of	  Water	  Management	  between	  the	  United	  States	  and	  Mexico	  (Maganda,	  2005).	  
Year	   Events	   Objectives	   Major	  Structural	  Problems	  1848	   Treaty	  of	  Guadalupe	  Hidalgo	   Definition	  of	  the	  international	  boundary	   	  1889	   Convention	  that	  created	  the	  International	  Boundary	  Commission	   Observance	  of	  the	  rules	  of	  the	  Boundary	  Treaties	  and	  the	  Convention	  concerning	  the	  changes	  of	  course	  in	  the	  international	  river	  
	  
1944	   Treaty	  for	  utilization	  of	  waters	  of	  the	  Colorado	  and	  Tijuana	  Rivers	  and	  of	  the	  Rio	  Grande	  and	  the	  creation	  of	  the	  International	  Boundary	  and	  Water	  Commission	  
Allocated	  waters	  of	  the	  international	  rivers	  between	  the	  two	  countries	  and	  extended	  the	  functions	  of	  the	  International	  Boundary	  and	  Water	  Commission	  (IBWC)	  
Only	  addresses	  quantities	  of	  surface	  water,	  no	  mention	  of	  extraordinary	  drought,	  groundwater,	  or	  water	  quality.	  Surface-­‐water	  quantities	  fixed	  since	  1944	  with	  no	  update.	  1983	   Agreement	  for	  the	  Protection	  and	  Improvement	  of	  the	  Environment	  in	  the	  Border	  Area	  (La	  Paz	  Agreement)	  
Provided	  formal	  guidelines	  for	  the	  binational	  participation	  of	  various	  levels	  of	  government	  in	  the	  design	  and	  implementation	  of	  trans	  boundary	  environmental	  solutions	  by	  specific	  work	  groups	  
Reinforced	  national	  regulation	  of	  water	  issues	  as	  border	  remained	  low	  priority.	  It	  has	  big	  aspirations	  for	  binational	  cooperation	  but	  commits	  no	  funds	  and	  delegates	  no	  power.	  1992	   Release	  of	  the	  Integrated	  Environmental	  Plan	  for	  the	  US	  Mexican	  Border	  Area	  (IBEP)	   Strengthened	  enforcement	  of	  environmental	  laws,	  increased	  cooperative	  planning,	  completed	  the	  expansion	  of	  wastewater	  treatment	  facilities	  
Lacked	  institutional	  framework	  necessary	  to	  effectively	  carry	  out	  goals	  
1993	   Creation	  of	  the	  Border	  Environment	  Cooperation	  Commission	  (BECC)	  and	  the	   Assisted	  communities	  on	  both	  sides	  of	  the	  border	  in	  coordinating	  and	  carrying	  out	  environmental	   Dominated	  by	  the	  United	  States	  because	  of	  discrepancies	  in	  the	  distribution	  of	  funding.	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North	  American	  Development	  Bank	  (NADBank)	   infrastructure	  projects	   Commodifies	  water	  through	  managerialist	  discourse.	  1996	   Release	  of	  Border	  XXI	  Program	   Promoted	  sustainable	  development	  in	  the	  border	  region	   It	  suffered	  from	  deficiencies	  in	  public	  participation	  and	  public	  access.	  It	  was	  severely	  underfunded.	  2002	   Border	  2012:	  US-­‐Mexico	  Environmental	  Program	   Addressed	  environmental	  and	  environmentally	  related	  health	  problems	  on	  the	  Mexico/U.S.	  Border,	  in	  partnership	  with	  official	  environmental	  agencies	  
In	  progress.	  Evaluation	  to	  be	  determined	  
	  
What	  are	  the	  Commission’s	  Responsibilities?	  	   This	  Commission	  is	  subdivided	  into	  two	  national	  sections,	  one	  Mexican	  and	  one	  American.	  Each	  section	  must	  be	  headed	  by	  a	  Commissioner	  with	  the	  rank	  of	  ambassador	  with	  full	  diplomatic	  privileges	  that	  must	  also	  be	  a	  licensed	  engineer.	  The	  treaty	  stipulates	  that	  under	  this	  person	  there	  must	  be	  a	  secretary,	  legal	  advisor	  and	  two	  principal	  engineers	  (Mumme,	  2005).	  
	   Each	  section	  has	  the	  responsibility	  to	  administer	  the	  words	  of	  the	  appropriate	  treaty	  with	  support	  from	  their	  respective	  governments.	  It	  also	  has	  the	  duty	  to	  interpret	  and	  resolve	  issues	  between	  the	  nations	  related	  to	  the	  treaty.	  Thus	  the	  two	  sections	  routinely	  come	  together	  and	  form	  agreements	  under	  the	  treaties.	  These	  are	  known	  as	  minutes.	  	  Both	  sections	  are	  located	  at	  the	  border	  across	  from	  each	  other	  and	  regularly	  consult	  with	  one	  another	  and	  local	  interests	  (Mumme,	  2005).	  
	   Even	  though	  both	  agencies	  were	  created	  from	  the	  same	  treaty,	  the	  way	  that	  they're	  administered	  reflects	  the	  philosophy	  of	  each	  respective	  government.	  	  Mexico	  has	  a	  long	  political	  history	  of	  centrism,	  thus	  the	  Mexican	  section	  operates	  under	  the	  administrative	  directive	  of	  the	  Ministry	  of	  Foreign	  Affairs	  through	  its	  sub-­‐secretariat	  for	  North	  American	  affairs.	  	  Construction	  and	  project	  development	  are	  contracted	  to	  other	  operators	  within	  the	  Mexican	  Government	  under	  the	  technical	  supervision	  of	  the	  Mexican	  IBWC.	  Staff	  size	  has	  fluctuated	  between	  80	  and	  100	  people	  since	  1970	  (Mumme,	  2005).	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   The	  U.S.	  section	  is	  comparatively	  much	  more	  decentralized	  and	  semi-­‐autonomous	  in	  the	  U.S.	  federal	  government	  though	  it	  does	  maintain	  a	  liaison	  within	  the	  State	  Department.	  They	  maintain	  and	  administer	  their	  own	  construction	  projects	  and	  staff	  more	  than	  200	  personnel	  and	  are	  also	  independently	  administered.	  The	  U.S.	  IBWC	  also	  coordinates	  more	  with	  the	  states	  and	  their	  congressional	  representatives	  then	  with	  the	  federal	  government	  and	  president.	  This	  is	  a	  reflection	  of	  the	  U.S.'s	  more	  decentralized	  water	  policy	  (Mumme,	  2005).	  
Some	  Criticisms	  of	  the	  IBWC	  	   The	  two	  agencies	  are	  often	  criticized	  for	  lacking	  innovation	  and	  because	  of	  this	  have	  raised	  their	  public	  relations	  image	  in	  the	  past	  decade.	  In	  the	  first	  three	  decades	  post-­‐1944	  the	  agencies	  were	  actually	  praised	  as	  a	  model	  for	  bi-­‐national	  water	  management	  cooperation.	  They	  were	  credited	  with	  resolving	  the	  Chamizal	  controversy,	  a	  historical	  dispute	  of	  the	  Rio	  Grande	  boundary	  and	  the	  salinity	  crisis	  of	  the	  Colorado	  River,	  though	  it	  was	  attacked	  for	  repeating	  the	  functions	  of	  domestic	  water	  management	  agencies	  and	  interfering	  with	  national	  sovereignty.	  The	  1944	  Water	  Treaty	  endowed	  the	  IBWC	  with	  the	  responsibility	  of	  handling	  all	  bi-­‐national	  issues	  along	  the	  Colorado	  and	  Rio	  Grande	  rivers	  including	  sanitation	  problems	  (Mumme,	  2005).	  
	   In	  the	  last	  decade	  the	  IBWC	  has	  been	  unable	  to	  deal	  with	  persistent	  droughts	  along	  the	  Rio	  Grande	  and	  the	  transboundary	  groundwater	  has	  not	  been	  managed	  correctly.	  It	  was	  criticized	  for	  this	  and	  for	  not	  managing	  the	  ecosystem	  along	  the	  transboundary	  region.	  It	  has	  been	  suggested	  that	  creating	  an	  advisory	  committee	  with	  the	  responsibility	  of	  dealing	  with	  drought	  and	  groundwater	  management	  would	  be	  wise	  (Mumme,	  2005).	  
	   This	  last	  decade	  experienced	  unprecedented	  growth.	  	  This	  put	  great	  strain	  on	  an	  already	  over	  burdened	  shared	  water	  system.	  	  To	  add	  insult	  to	  injury	  this	  decade	  also	  experienced	  scorching	  droughts.	  This	  caused	  the	  countries	  to	  question	  the	  worth	  of	  treaty	  based	  water	  entitlement	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protection.	  The	  Bush	  administration’s	  rash	  appointment	  of	  a	  young	  and	  inexperienced	  Commissioner	  in	  2004	  to	  replace	  an	  ill	  incumbent	  did	  not	  help	  matters	  (Mumme,	  2005).	  
	   In	  terms	  of	  organizational	  structure,	  the	  treaty's	  mandate	  of	  having	  an	  engineer	  head	  the	  organization	  is	  highly	  criticized.	  	  This	  engineer-­‐Commissioner	  requirement	  is	  unusual	  in	  bi-­‐national	  water	  management	  and	  unnecessarily	  diminishes	  the	  pool	  of	  possible	  leaders	  available	  to	  the	  government	  (Mumme,	  2005).	  
	   After	  the	  salinity	  crisis	  ended	  in	  1973	  Mexico	  reduced	  the	  importance	  of	  water	  issues	  at	  its	  foreign	  ministries.	  They	  went	  as	  far	  as	  removing	  the	  long-­‐standing	  General	  Directorate	  of	  International	  Boundaries	  and	  Waters	  and	  the	  U.S.	  State	  Department	  reclassifying	  water	  issues	  as	  a	  non-­‐issue	  until	  recently	  when	  the	  Rio	  Grande	  water	  dispute	  brought	  it	  to	  light	  (Mumme,	  2005).	  
	   By	  butting	  the	  two	  sections	  together	  it	  was	  thought	  that	  it	  would	  facilitate	  work	  between	  the	  sections	  while	  each	  section	  maintained	  its	  own	  autonomy	  and	  independence.	  Of	  course	  sovereignty	  prevailed	  as	  the	  treaty’s	  authors	  intended	  it	  (Mumme,	  2005).	  
	   A	  recent	  criticism	  of	  the	  IBWC	  is	  that	  there	  is	  no	  formal	  authority	  that	  manages	  transboundary	  water	  resources	  on	  a	  watershed	  basis.	  This	  problem	  originates	  from	  the	  IBWC's	  mandate	  being	  too	  focused	  on	  the	  allotment	  of	  water	  resources	  and	  the	  management	  of	  rivers	  on	  the	  border.	  Other	  functions	  are	  left	  to	  federal,	  tribal,	  state	  and	  local	  agencies	  whose	  linkages	  are	  loosely	  defined	  and	  authorized.	  This	  diminishes	  the	  intergovernmental	  ability	  to	  effectively	  respond	  to	  drought,	  conservation,	  ecology	  and	  other	  developmental	  needs	  (Mumme,	  2005).	  
	   The	  last	  criticism	  focuses	  on	  the	  need	  for	  more	  policy	  integration	  in	  border	  water	  management.	  Critics	  suggest	  that	  the	  IBWC's	  responsibility	  should	  be	  expanded	  to	  include	  new	  watershed	  management	  authority	  and	  additional	  advisory	  bodies.	  They	  propose	  it	  would	  be	  beneficial	  to	  include	  the	  Border	  Environment	  Cooperation	  Commission	  (BECC)	  and	  its	  financial	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partner	  the	  North	  American	  Development	  Bank	  (NADB)	  in	  policy	  genesis	  and	  financial	  support.	  This	  would	  include	  testing	  decisions	  and	  projects	  with	  the	  new	  advisory	  boards	  so	  as	  to	  comply	  with	  sustainable	  development	  rules	  (Mumme,	  2005).	  
	   The	  above	  mentioned	  challenges,	  the	  recent	  Mexican	  water	  debt	  crisis	  settlement	  on	  the	  Rio	  Grande,	  the	  difficulty	  of	  justifying	  the	  ecological	  values	  of	  the	  Colorado	  River	  Delta,	  ground	  water	  disputes	  and	  other	  problems	  have	  pushed	  the	  Commission's	  charter	  and	  limits	  under	  the	  1944	  treaty	  (Mumme,	  2005).	  
What	  Interferes	  with	  IBWC's	  Ability	  to	  Make	  Changes?	  	   The	  IBWC	  has	  faced	  these	  challenges	  in	  a	  new	  and	  much-­‐different	  political	  and	  institutional	  climate.	  	  The	  political	  climate	  includes	  population	  growth	  and	  greater	  competition	  for	  water	  resources,	  greater	  public	  awareness	  and	  mobilization	  of	  binational	  border	  water	  issues.	  There	  are	  new	  players	  and	  stakeholders	  and	  new	  policies	  such	  as	  sustainable	  development	  and	  watershed	  management.	  The	  institutional	  climate	  includes	  a	  more	  open	  institutional	  environment	  especially	  after	  NAFTA	  since	  border	  water	  policy	  is	  not	  only	  discussed	  through	  the	  IBWC	  but	  also	  through	  agencies	  like	  the	  BECC	  and	  the	  NADB	  and	  other	  public	  advisory	  groups	  for	  each	  country	  (Mumme,	  2005).	  
	   The	  1944	  treaty	  is	  very	  concrete	  about	  the	  designation	  of	  a	  single	  Commissioner	  for	  each	  section	  and	  that	  this	  Commissioner	  be	  a	  licensed	  engineer.	  	  Changing	  the	  treaty's	  language	  is	  not	  practical	  given	  how	  embedded	  the	  agreement	  is	  on	  bi-­‐national	  and	  domestic	  water	  management.	  It's	  not	  much	  of	  a	  stretch	  to	  say	  that	  the	  language	  of	  the	  treaty	  today	  affects	  the	  operation	  of	  every	  irrigation	  district,	  every	  municipal	  water	  authority,	  every	  development,	  and	  every	  mortgage	  issued	  in	  the	  14	  Mexican	  and	  U.S.	  states	  that	  occupy	  the	  watersheds	  of	  the	  two	  major	  rivers.	  The	  lives	  of	  as	  many	  as	  70	  million	  people	  in	  these	  states	  are	  affected	  by	  water	  rights	  and	  utilities	  according	  to	  the	  provisions	  of	  the	  treaty.	  Altering	  the	  wording	  of	  the	  treaty	  has	  the	  potential	  to	  put	  at	  stake	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hundreds	  of	  billions	  of	  dollars.	  This	  could	  open	  economic	  implications	  that	  the	  U.S.	  and	  Mexican	  governments	  do	  not	  care	  to	  or	  are	  not	  ready	  to	  face	  (Mumme,	  2005).	  
Alternative	  Solutions	  for	  the	  IBWC	  	   The	  State	  Department's	  Inspector	  General	  has	  recently	  recommended	  in	  a	  report	  on	  the	  U.S.	  section	  to	  adopt	  the	  post	  of	  Chief	  Executive	  Officer	  (CEO)	  to	  run	  the	  section's	  internal	  operations.	  This	  has	  since	  been	  implemented.	  A	  former	  Commissioner,	  John	  Bernal,	  has	  spoken	  out	  against	  this	  innovation,	  saying	  that	  during	  his	  post	  he	  found	  it	  useful	  to	  be	  personally	  engaged	  in	  the	  section's	  field	  operations	  and	  keep	  regular	  contact	  with	  office	  personnel.	  This	  change	  would	  free	  the	  Commissioner	  and	  subordinates	  within	  the	  section	  to	  pay	  better	  attention	  to	  policy	  concerns.	  The	  treaty	  does	  not	  prohibit	  an	  administrative	  change	  like	  this	  (Mumme,	  2005).	  
	   Enhancing	  the	  IBWC's	  statues	  in	  the	  foreign	  departments	  is	  an	  appropriate	  reform	  that	  would	  not	  require	  changing	  treaty	  language	  or	  bi-­‐nation	  approval.	  The	  treaty	  is	  clear	  in	  placing	  the	  IBWC	  below	  the	  foreign	  department	  of	  each	  nation	  (Mumme,	  2005)	  
	   Even	  though	  each	  section	  normally	  operates	  under	  a	  fair	  amount	  of	  autonomy	  the	  foreign	  departments	  become	  more	  engaged	  during	  more	  political	  and	  controversial	  issues	  such	  the	  salinity	  crisis	  and	  the	  recent	  Mexican	  water	  debt	  crisis.	  If	  each	  country	  decides	  to	  give	  water	  management	  a	  heightened	  priority	  at	  the	  department	  level	  they	  are	  free	  to	  do	  so.	  There	  is	  nothing	  in	  the	  treaty	  to	  prevent	  Mexico	  from	  reinstating	  its	  General	  Directorate	  of	  International	  Boundaries	  and	  Waters.	  The	  only	  real	  barriers	  are	  the	  politics	  (Mumme,	  2005).	  
	   The	  structure	  of	  the	  Commission	  can	  be	  changed	  in	  two	  ways:	  Firstly	  through	  the	  treaty	  extensions	  via	  the	  minute	  process	  in	  which	  the	  two	  governments	  grant	  extensions	  through	  common	  agreements	  or	  secondly	  through	  administrative	  assignments.	  In	  the	  first	  instance	  it	  should	  not	  be	  too	  difficult	  to	  add	  subordinate	  supplemental	  administrative	  positions	  through	  the	  Office	  of	  
IQP	  2009-­‐2010	   	   Tapping	  the	  Colorado	  River	  	  
	   Worcester	  Polytechnic	  Institute	   	  28
the	  Commissioner,	  assuming	  that	  the	  new	  functions	  and	  duties	  do	  not	  conflict	  with	  the	  treaty.	  In	  the	  second	  instance	  there	  is	  nothing	  to	  prevent	  either	  nation	  from	  giving	  administrators	  new	  or	  additional	  tasks.	  This	  was	  recently	  done	  on	  the	  U.S.	  section	  without	  much	  controversy.	  
Complications	  in	  Cooperation	  between	  the	  Two	  Countries	  	   Though	  it	  has	  been	  suggested	  that	  combining	  the	  national	  sections	  into	  one	  headquarters	  would	  be	  beneficial	  it	  must	  be	  noted	  that	  diplomacy	  has	  traditionally	  been	  confidential.	  The	  defense	  of	  each	  nation's	  boundary	  and	  water	  entitlements	  remain	  as	  an	  important	  part	  of	  the	  Commission's	  founding	  mandate.	  The	  symbolism	  of	  national	  control	  and	  interest	  still	  favor	  separate	  sections.	  Legally	  there	  is	  nothing	  in	  the	  treaty	  to	  prevent	  the	  creation	  of	  a	  joint	  headquarters.	  Historically	  both	  nations	  have	  been	  reserved	  about	  water	  disputes,	  preferring	  to	  come	  up	  with	  their	  own	  technical	  assessments	  (Mumme,	  2005).	  
	   Joint	  projects	  have	  followed	  the	  1944	  Treaty’s	  mandate	  of	  dividing	  financial	  burden	  proportionally	  according	  to	  the	  benefit	  received	  by	  each	  country.	  Adding	  new	  watershed	  management	  authority	  and	  joint	  advisory	  boards	  is	  not	  well	  defined	  and	  would	  need	  to	  be	  reinforced	  through	  the	  Commission's	  Minute	  process.	  The	  original	  authors	  were	  cautious	  to	  limit	  the	  authority	  of	  Commission	  to	  transboundary	  waters.	  The	  treaty	  stipulates	  the	  budgeting	  and	  accounting	  to	  waters	  delivered	  at	  the	  boundary	  and	  to	  control	  dams	  on	  the	  limitrophe	  section	  of	  the	  boundary	  rivers,	  essentially	  the	  Colorado	  River	  and	  Rio	  Grande.	  	  At	  the	  time	  of	  signing,	  the	  management	  of	  the	  waters	  at	  the	  contributing	  basins	  was	  clearly	  interpreted	  to	  be	  a	  domestic	  issue	  that	  the	  Commission	  was	  to	  have	  no	  deciding	  factor	  in	  (Mumme,	  2005).	  
	   This	  has	  placed	  the	  Commission	  in	  a	  difficult	  position	  of	  expanding	  its	  sphere	  of	  influence	  towards	  watershed	  management.	  Traditionally	  the	  IBWC	  has	  been	  very	  cautious	  in	  order	  to	  avoid	  conflicts	  with	  domestic	  water	  management	  agencies	  by	  defining	  its	  territory	  precisely.	  	  Recently	  the	  issue	  of	  watershed	  management	  has	  reared	  its	  head	  over	  Mexico's	  obligation	  to	  deliver	  treaty	  water	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to	  the	  United	  States	  on	  the	  Rio	  Grande	  and	  to	  consider	  the	  water	  requirements	  essential	  to	  preserve	  the	  ecology	  in	  the	  Colorado	  River	  Delta	  (Mumme,	  2005).	  
	   Ultimately	  what	  is	  lacking	  is	  the	  systematic	  integration	  of	  policy	  or	  strategic	  planning	  and	  project	  development	  that	  is	  able	  to	  set	  priorities	  to	  water	  management.	  This	  requires	  successfully	  coordinating	  activities	  of	  bi-­‐national,	  national,	  and	  domestic	  players.	  It's	  imperative	  that	  the	  above	  reforms	  require	  the	  political	  and	  policy	  support	  of	  federal	  agencies	  in	  each	  country	  and	  domestic	  governments	  at	  the	  border	  (Mumme,	  2005).	  
Direct	  Impact	  of	  Water	  Management	  Issues	  on	  People	  	   Failure	  to	  solve	  bi-­‐national	  policy	  stems	  from	  the	  IBWC's	  lack	  of	  consideration	  for	  the	  local	  people	  in	  the	  border	  region	  who	  live	  and	  share	  water	  from	  the	  Rio	  Grande/Rio	  Brava,	  Colorado	  River,	  and	  Tijuana	  River.	  Its	  emphasis	  on	  national	  interests	  and	  continual	  disregard	  for	  the	  region's	  unique	  issues	  are	  at	  the	  root	  of	  the	  IBWC's	  faulty	  policies	  (Maganda,	  2005)	  
1944	  Water	  Treaty	  Problems	  	   One	  of	  the	  problems	  with	  the	  1944	  Water	  Treaty	  is	  its	  failure	  to	  define	  terms	  such	  as	  
extraordinary	  drought	  and	  quantities	  distributed,	  and	  such	  confusion	  has	  lead	  to	  conflicts	  over	  claims	  to	  the	  rivers.	  Mexico	  has	  not	  been	  able	  to	  pay	  off	  its	  water	  debt	  because	  of	  drought	  in	  its	  northern	  region.	  Article	  4	  of	  the	  1944	  treaty	  allows	  Mexico	  to	  transfer	  less	  water	  to	  the	  United	  States	  in	  case	  of	  extraordinary	  drought.	  Since	  extraordinary	  drought	  is	  not	  clearly	  defined	  in	  the	  treaty,	  Mexico	  uses	  it	  as	  an	  excuse	  for	  their	  late	  payment.	  	  In	  September	  2001,	  after	  promising	  to	  release	  600,000	  acre-­‐feet	  of	  water	  into	  the	  Rio	  Grand/Rio	  Bravo,	  Mexico	  failed	  to	  keep	  its	  promise	  because	  of	  drought	  conditions.	  Mexico's	  late	  notice	  destroyed	  the	  Texas	  farmers’	  hope	  of	  harvesting	  their	  crops	  during	  the	  late	  season	  (Kelly,	  2001).	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   Mexico	  is	  not	  able	  to	  pay	  back	  its	  water	  debt	  because	  the	  1944	  treaty	  does	  not	  allocate	  enough	  water	  to	  them.	  When	  the	  treaty	  was	  drafted,	  the	  amount	  of	  water	  allocated	  for	  each	  country	  was	  meant	  solely	  for	  agricultural	  purposes,	  and	  water	  was	  not	  anticipated	  to	  support	  significant	  urban	  and	  industrial	  infrastructure	  (Maganda,	  2005).	  However,	  as	  the	  delta	  region	  experienced	  economic	  booms	  and	  urbanization,	  municipal	  consumption	  increased	  which	  lead	  to	  the	  shortage	  of	  water	  in	  the	  border	  regions.	  While	  83%	  of	  the	  water	  is	  used	  for	  agricultural	  purposes	  in	  Mexico,	  only	  25%	  of	  the	  United	  States'	  water	  is	  used	  for	  the	  same	  purpose.	  Leakage	  of	  water	  due	  to	  poor	  infrastructure	  and	  the	  shortfall	  of	  government	  revenues	  had	  prevented	  Mexico	  from	  upgrading	  wells,	  treatment	  plants,	  and	  other	  water	  infrastructure,	  all	  of	  which	  will	  help	  them	  save	  a	  significant	  amount	  of	  water.	  Not	  only	  do	  we	  need	  to	  update	  the	  treaty,	  we	  also	  need	  to	  help	  Mexico	  improve	  its	  infrastructure	  so	  that	  Mexico	  may	  pay	  off	  its	  water	  debt	  (Kelly,	  2001).	  
San	  Diego's	  Effort	  in	  Buying	  Water	  from	  Mexico	  	   In	  its	  effort	  to	  expand	  water	  supply,	  San	  Diego	  used	  political	  pressure	  to	  force	  Mexico	  to	  sell	  water	  to	  the	  city.	  Water	  agencies	  in	  the	  United	  States	  have	  a	  direct	  voice	  in	  the	  economic	  negotiation	  of	  water	  distribution.	  San	  Diego	  relied	  on	  several	  companies	  to	  bring	  water	  to	  them.	  Things	  started	  to	  change	  in	  the	  year	  1930	  when	  the	  U.S	  Supreme	  Court	  gave	  San	  Diego	  permission	  to	  use	  water	  from	  the	  San	  Diego	  and	  the	  Colorado	  River.	  Since	  the	  Los	  Angeles	  aqueduct	  and	  the	  MWD	  carried	  the	  rivers'	  water	  at	  the	  time,	  San	  Diego	  became	  dependent	  on	  Los	  Angeles.	  The	  drought	  in	  the	  years	  1987	  to	  1991	  forced	  San	  Diego	  to	  seek	  other	  water	  suppliers	  (Maganda,	  2005).	  In	  the	  year	  1988,	  they	  proposed	  a	  water	  transfer	  agreement	  with	  the	  Imperial	  Valley	  Irrigation	  District	  (IID),	  despite	  Mexico's	  opposition.	  In	  return,	  Mexico	  responded	  by	  imposing	  a	  very	  high	  water	  price.	  The	  price	  was	  much	  higher	  than	  what	  San	  Diego	  bought	  from	  other	  companies.	  Without	  regard	  to	  the	  high	  water	  price,	  San	  Diego	  proposed	  their	  interest	  in	  buying	  300,000	  acre-­‐feet	  of	  water	  yearly	  at	  $249	  per	  acre-­‐foot	  with	  an	  increment	  of	  $311	  after	  10	  years	  of	  transfer	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(Maganda,	  2005).	  Local	  farmers,	  the	  IID,	  and	  environmental	  interest	  groups	  did	  all	  they	  could	  to	  stop	  this	  transfer	  proposal,	  but	  without	  successes.	  In	  order	  to	  stop	  the	  water	  transfer	  an	  environmental	  impact	  statement	  and	  socioeconomic	  impact	  report	  was	  needed;	  though	  these	  reports	  were	  not	  completed	  until	  2002	  and	  2003	  respectively.	  Evidence	  was	  taken	  from	  the	  IID	  officials	  who	  stated	  in	  2003	  that,	  “no	  such	  report	  was	  completed”.	  State	  officials	  made	  up	  water	  shortage	  scenarios	  in	  order	  to	  force	  the	  IID	  to	  give	  its	  water	  to	  the	  state	  in	  response	  to	  Southern	  California’s	  political	  pressure.	  In	  conclusion,	  San	  Diego	  not	  only	  wanted	  IID	  water	  but	  also	  wanted	  to	  line	  the	  All-­‐American	  and	  Coachella	  Canals,	  which	  are	  the	  main	  sources	  of	  ground	  water	  recharge	  in	  Mexicali.	  Mexicali’s	  possible	  loss	  of	  groundwater	  supply,	  due	  to	  the	  lining	  of	  the	  All-­‐American	  Canal,	  could	  pose	  a	  serious	  threat	  to	  the	  production	  of	  crops	  that	  provided	  jobs	  for	  millions	  of	  people	  in	  Baja	  California	  (Maganda,	  2005).	  	  
Other's	  Contributions	  to	  Mexico's	  Water	  Debt	  	   Lining	  the	  All-­‐American	  Canal	  will	  profoundly	  affect	  the	  Mexican	  environment	  and	  economy.	  Las	  Dunas	  is	  an	  area	  in	  Northern	  Mexico	  near	  the	  All	  American	  Canal	  (figure	  3).	  Lining	  this	  area	  alone	  will	  save	  the	  U.S.	  100,000	  acre-­‐feet	  per	  year.	  Interestingly,	  this	  amount	  is	  exactly	  the	  agreed	  total	  to	  be	  delivered	  to	  the	  Metropolitan	  Water	  District	  of	  Los	  Angeles	  (Calleros,	  1991).	  Along	  Mexico's	  northern	  border	  about	  121	  wells	  would	  dry	  up	  if	  the	  canal	  were	  to	  be	  lined.	  About	  675,000	  people	  depend	  on	  these	  wells	  to	  irrigate	  crops	  and	  sustain	  basic	  needs.	  Calculating	  Mexico's	  loss	  is	  based	  on	  average	  crop	  return.	  Alfalfa,	  cotton,	  wheat,	  and	  fruits	  are	  the	  main	  crops	  raised	  in	  this	  border	  region.	  Damage	  due	  to	  reduced	  recharge	  is	  calculated	  to	  surpass	  $80	  million	  per	  year	  (Calleros,	  1991).	  	  According	  to	  the	  Chief	  of	  the	  Wells	  Department	  of	  the	  National	  Water	  Commission,	  the	  water	  that	  recharges	  Mexicali	  comes	  mainly	  from	  subterranean	  flow	  that	  includes	  water	  from	  the	  Colorado	  River,	  California,	  Arizona,	  and	  sandy	  mesa.	  The	  All-­‐American	  Canal	  lining	  project	  would	  include	  lining	  20	  miles	  of	  the	  Coachella	  Canal	  (Figure	  3).	  The	  Bureau	  of	  Reclamation	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reports	  that	  since	  1980,	  lining	  4.9	  mile	  of	  this	  canal	  has	  already	  saved	  132,000	  acre	  feet	  of	  water	  for	  the	  United	  States	  (Calleros,	  1991).	  	  
	   Rising	  salinity	  is	  another	  issue	  that	  hinders	  Mexico's	  economy	  and	  environmental	  progress.	  The	  All-­‐American	  Canal's	  leaking	  groundwater	  allows	  for	  the	  dilution	  of	  Mexico's	  increasingly	  brackish	  ground	  water.	  As	  a	  result	  lining	  the	  All-­‐American	  canal	  will	  increase	  Mexican	  groundwater	  salinity.	  Furthermore,	  increasing	  irrigation	  upstream	  of	  the	  Colorado	  River	  will	  further	  contribute	  towards	  Colorado	  River	  salinity	  that	  makes	  its	  way	  into	  Mexico	  via	  the	  Morelos	  Dam	  (Calleros,	  1991).	  
	   Mexico	  has	  experienced	  increasing	  salinity	  along	  the	  border	  region	  for	  the	  past	  90	  years.	  The	  salinity	  level	  of	  water	  provided	  to	  the	  Valley	  is	  now	  between	  1,300	  to	  1,500	  ppm	  (parts	  per	  million),	  which	  is	  not	  tolerated	  by	  the	  crops	  that	  do	  not	  have	  an	  artificial	  drainage.	  Using	  artificial	  drainage	  in	  the	  Mexicali	  Valley	  is	  a	  must	  in	  order	  to	  plant	  crops.	  Clearly,	  the	  lining	  of	  the	  All-­‐American	  Canal	  will	  dramatically	  change	  Mexico's	  water	  resources	  along	  the	  border	  (Calleros,	  1991).	  	  What	  the	  U.S.	  fails	  to	  notice	  is	  that	  increasing	  groundwater	  salinity	  around	  the	  All-­‐American	  canal	  will	  also	  affect	  Americans	  immediately	  north	  of	  the	  border.	  
The	  Future	  of	  Los	  Angeles'	  Water	  Supply	  
	   Water	  shortage	  is	  not	  a	  new	  problem	  faced	  by	  Los	  Angeles	  residents.	  In	  order	  to	  anticipate	  and	  solve	  its	  problems,	  it	  is	  crucial	  that	  the	  city's	  past,	  current	  and	  future	  water	  demand	  is	  discussed	  and	  analyzed.	  
Water	  Usage	  in	  the	  Past	  	   In	  the	  year	  1986,	  the	  City	  of	  Los	  Angeles	  used	  as	  much	  as	  700,000	  acre-­‐feet	  of	  water.	  Due	  to	  a	  five-­‐year	  drought,	  the	  city	  has	  stepped	  up	  water	  conservation.	  Los	  Angeles	  has	  invested	  millions	  of	  dollars	  in	  conservation	  measures	  such	  as	  the	  installation	  of	  low-­‐flow	  toilets	  and	  showerheads.	  As	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a	  result,	  water	  demand	  has	  been	  kept	  constant	  for	  twenty-­‐five	  years	  since	  1986	  despite	  the	  population	  increasing	  by	  one	  million.	  From	  2006	  to	  2007,	  residential	  customers	  accounted	  for	  as	  much	  as	  68%	  of	  the	  demanded	  water,	  17%	  came	  from	  commercial	  customers,	  7%	  from	  governmental	  use,	  4%	  from	  industry,	  and	  finally	  4%	  from	  non-­‐revenue	  generating	  uses	  (Villaraigosa,	  2008).	  	  
Water	  Usage	  in	  the	  Present	  	   The	  City	  of	  Los	  Angeles	  is	  supplied	  by	  many	  different	  sources,	  among	  them	  the	  Eastern	  Sierra	  Nevada	  Watershed,	  the	  Colorado	  River,	  the	  Sancramento-­‐San	  Joaquin	  Delta,	  local	  groundwater,	  and	  recycled	  water.	  
Eastern	  Sierra	  Water	  Supply	  	   The	  Eastern	  Sierra	  Nevada	  watershed	  supplies	  water	  to	  Los	  Angeles	  via	  the	  Los	  Angeles	  Aqueduct	  (LAA).	  Water	  sold	  to	  the	  City	  of	  Los	  Angeles	  has	  dropped	  dramatically	  due	  to	  the	  reallocation	  of	  water	  for	  environmental	  reasons	  and	  low	  snowpack	  in	  the	  Eastern	  Sierra.	  As	  much	  as	  one	  third	  of	  the	  water	  going	  into	  the	  LAA	  will	  be	  used	  to	  restore	  the	  environment.	  These	  environmental	  restoration	  projects,	  such	  as	  the	  restoration	  of	  the	  Lower	  Owens	  Rivers,	  restoration	  of	  the	  streams	  feeding	  Mono	  Lake,	  and	  the	  reduction	  of	  massive	  dust	  storms	  on	  the	  Owens	  Dry	  Lake	  bed	  by	  partially	  watering	  it	  require	  much	  water.	  As	  a	  result,	  water	  received	  by	  Los	  Angeles	  from	  the	  LAA	  has	  dropped	  from	  63%	  to	  34%	  from	  the	  years	  2000	  to	  2001	  respectively	  (Villaraigosa,	  2008).	  	  
MWD	  Water	  Supply	  	   The	  MWD	  is	  responsible	  for	  providing	  water	  to	  Los	  Angeles,	  Orange,	  San	  Diego,	  Riverside,	  San	  Bernardino	  and	  Ventura	  counties.	  The	  MWD	  delivers	  an	  average	  of	  2.3	  million	  acre-­‐feet	  of	  water	  per	  year	  by	  taking	  water	  from	  the	  Colorado	  River,	  the	  State	  Water	  Project,	  surface	  and	  groundwater,	  and	  lastly	  the	  Central,	  Sacramento	  Valley	  and	  Colorado	  River	  agencies.	  Unfortunately,	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all	  water	  sources	  are	  subject	  to	  uncertainty	  due	  to	  climate	  variability	  and	  environmental	  issues.	  An	  environmental	  crisis	  has	  caused	  the	  MWD	  to	  received	  30%	  less	  water	  from	  its	  suppliers	  and	  has	  thus	  increased	  wholesale	  water	  rates.	  In	  order	  to	  cope	  with	  water	  shortages,	  the	  MWD	  stores	  about	  1.7	  million	  acre-­‐feet	  of	  surface	  and	  groundwater	  in	  Diamond	  Valley.	  Because	  of	  environmental	  variability,	  the	  question	  of	  whether	  the	  MWD	  will	  have	  enough	  water	  to	  supply	  Los	  Angeles	  is	  uncertain	  if	  the	  climate	  remains	  unforgiving	  (Villaraigosa,	  2008).	  	  
Extraction	  of	  Groundwater	  	   Groundwater	  accounts	  for	  11%	  of	  the	  total	  water	  supply	  of	  Los	  Angeles.	  This	  number	  can	  be	  lower	  or	  higher	  depending	  on	  drought	  conditions.	  Most	  groundwater	  is	  taken	  from	  the	  San	  Fernando	  Valley	  and	  the	  central	  and	  west	  coast	  basins.	  Due	  to	  water	  contamination	  in	  the	  San	  Fernando	  Valley,	  pumping	  has	  been	  reduced	  and	  as	  a	  result	  Los	  Angeles	  has	  had	  to	  rely	  more	  on	  imported	  water	  (Villaraigosa,	  2008).	  
Solutions	  to	  Water	  Shortage	  	  	  	   In	  order	  to	  meet	  its	  future	  water	  demand,	  residents	  of	  Los	  Angeles	  need	  to	  change	  their	  behavior	  and	  attitudes	  about	  water	  consumption.	  Short-­‐term	  and	  long-­‐term	  conservation	  strategies	  may	  be	  used	  to	  achieve	  sustainability	  in	  the	  future,	  described	  below	  (Villaraigosa,	  2008).	  	  
Short-­Term	  conservation	  	   Three	  short-­‐term	  water	  conservation	  strategies	  will	  be	  discussed	  here.	  The	  first	  focuses	  on	  eliminating	  the	  amount	  of	  wasted	  water	  and	  on	  increasing	  water	  conservation.	  The	  Los	  Angeles	  Department	  of	  Water	  and	  Power	  (LADWP)	  enforces	  its	  Drought	  Buster	  Program	  by	  penalizing	  water	  abusers	  in	  order	  to	  conserve.	  Penalties	  vary	  from	  written	  warnings	  and	  fines	  to	  water	  service	  shutoff.	  The	  second	  short	  term	  conservation	  strategy	  is	  an	  expansion	  of	  the	  first	  one.	  More	  rules	  are	  added	  to	  the	  Emergency	  Water	  Conservation	  Ordinance	  section	  of	  the	  program.	  These	  new	  rules	  
IQP	  2009-­‐2010	   	   Tapping	  the	  Colorado	  River	  	  
	   Worcester	  Polytechnic	  Institute	   	  35
prohibit	  residents	  from	  watering	  outdoors	  during	  certain	  hours,	  days,	  and	  seasons.	  They	  further	  prohibit	  washing/rinsing	  vehicles	  without	  using	  a	  hose	  that	  does	  not	  have	  a	  functioning	  self-­‐closing	  nozzle	  attached.	  The	  third	  short-­‐term	  conservation	  strategy	  is	  a	  marketing	  campaign	  to	  raise	  water	  awareness	  in	  Los	  Angeles.	  The	  LADWP	  has	  put	  aside	  2.3	  million	  dollars	  towards	  this	  campaign	  (Villaraigosa,	  2008).	  
Long-­Term	  Conservation	  	   The	  widespread	  installation	  of	  water-­‐saving	  hardware	  and	  the	  effects	  of	  various	  conservation	  programs	  has,	  during	  the	  1990s,	  contributed	  towards	  helping	  Los	  Angeles	  save	  water	  into	  the	  present	  day.	  Low-­‐flush	  toilets	  alone	  have	  been	  helping	  the	  city	  save	  over	  14	  billion	  gallons	  of	  water	  per	  year.	  Also,	  replacing	  normal	  sprinklers	  with	  smart	  sprinkler	  systems	  can	  cut	  a	  significant	  amount	  of	  water	  used	  outdoors.	  A	  smart	  sprinkler	  is	  an	  irrigation	  controller	  that	  adjusts	  irrigation	  schedules	  based	  on	  local	  weather	  conditions.	  It	  is	  estimated	  that	  30-­‐40%	  of	  water	  is	  used	  outdoors.	  Currently,	  mainly	  parks	  and	  golf	  courses	  currently	  use	  the	  smart	  sprinklers.	  If	  all	  parks	  and	  large	  landscapes	  were	  to	  use	  this	  technology,	  it	  is	  estimated	  to	  save	  70	  acre-­‐feet	  of	  water	  per	  year.	  In	  order	  to	  promote	  the	  use	  of	  this	  technology,	  the	  LADWP	  has	  offered	  to	  provide	  free	  installation	  services	  to	  qualified	  residential	  customers.	  The	  goal	  is	  to	  install	  5,525	  smart	  sprinklers	  per	  year.	  If	  these	  numbers	  are	  met,	  4,962	  acre-­‐feet	  of	  water	  will	  be	  saved	  per	  year.	  	  The	  LADWP	  also	  encourages	  residences	  and	  businesses	  to	  adopt	  water-­‐saving	  technologies	  by	  providing	  free	  of	  charge	  installation	  services.	  High	  efficiency	  toilets,	  high	  efficiency	  urinals,	  high	  efficiency	  clothes	  washer	  and	  other	  programs	  help	  the	  LADWP’s	  customers	  save	  48,457	  acre-­‐feet	  of	  water	  per	  year.	  These	  programs	  and	  technologies	  have	  been	  very	  effective	  at	  saving	  water	  because	  the	  burden	  of	  change	  is	  not	  placed	  solely	  on	  the	  public	  (Villaraigosa,	  2008).	  	  
	   The	  second	  long-­‐term	  conservation	  strategy	  focuses	  on	  maximizing	  recycled	  water	  usage.	  It	  is	  estimated	  that	  this	  strategy	  would	  help	  the	  city	  save	  50,000	  acre-­‐feet	  of	  water	  per	  year.	  Also,	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using	  recycled	  water	  will	  help	  the	  city	  become	  independent	  of	  an	  imported	  water	  supply.	  The	  LADWP	  works	  with	  the	  Department	  of	  Public	  Works	  Bureau	  of	  Sanitation	  (BOS)	  to	  recycle	  and	  produce	  highly	  treated	  wastewater.	  The	  four	  water	  treatment	  plants	  in	  the	  city	  produce	  around	  518,560	  acre-­‐feet	  of	  highly	  treated	  wastewater	  a	  year.	  Since	  1979,	  recycled	  water	  has	  been	  used	  for	  irrigation	  and	  industrial	  purposes	  at	  Griffith	  Park,	  Mount	  Sinai	  and	  Forest	  Lawn	  Memorial	  Parks.	  	  Lake	  Balboa	  and	  Wildlife	  Lake	  benefit	  environmentally	  when	  this	  recycled	  water	  is	  pumped	  back	  into	  the	  lakes.	  Since	  these	  lakes	  feed	  into	  the	  Los	  Angeles	  River,	  native	  plants	  and	  animals	  benefit	  by	  having	  their	  optimum	  water	  supply	  restored.	  Recycled	  water	  from	  the	  Hyperion	  Treatment	  Plants	  in	  the	  West	  is	  distributed	  among	  industrial	  and	  irrigation	  users	  in	  the	  City	  of	  Los	  Angeles	  and	  the	  surrounding	  communities.	  	  Recycled	  water	  from	  the	  Terminal	  Island	  Water	  Reclamation	  Plant	  in	  the	  Harbor	  area	  is	  used	  to	  protect	  the	  drinking	  water	  of	  the	  Dominguez	  Gap	  Seawater	  Intrusion	  Barrier	  and	  to	  cool	  the	  generators	  of	  the	  LADWP’s	  Harbor	  Generation	  Station.	  Additionally,	  recycled	  water	  from	  the	  LA-­‐Glendale	  Water	  Reclamation	  Plant	  in	  Los	  Angeles-­‐Central	  City	  is	  used	  to	  water	  plants	  in	  Griffith	  Park,	  Forest	  Lawn	  Memorial	  Park,	  Mount	  Sinai	  Memorial	  Park,	  Universal	  Studio,	  and	  Lakeside	  Golf	  Course.	  In	  February	  2006,	  the	  completion	  of	  the	  Terminal	  Island	  Advanced	  Wastewater	  Treatment	  Facility	  allowed	  for	  the	  purification	  of	  wastewater	  at	  a	  higher	  level.	  Because	  of	  these	  wastewater	  treatment	  plants	  more	  recycled	  water	  is	  being	  used	  today.	  	  Los	  Angeles	  currently	  needs	  670,000	  acre-­‐feet	  of	  water	  per	  year.	  With	  the	  help	  of	  these	  four	  wastewater	  treatment	  plants	  17%	  (90,000	  acre-­‐feet)	  of	  Los	  Angeles'	  need	  is	  met	  (Villaraigosa,	  2008).	  	  
	   The	  third	  long	  term	  conservation	  project	  centers	  around	  improving	  groundwater	  recharge.	  Low	  groundwater	  recharge	  is	  attributed	  to	  increased	  urbanization	  over	  the	  last	  several	  decades.	  	  Urbanization	  brings	  with	  it	  more	  paved	  land	  and	  as	  a	  result	  decreased	  groundwater	  recharge.	  It	  is	  estimated	  that	  11%	  of	  the	  total	  water	  supply	  of	  the	  city	  comes	  from	  the	  San	  Fernando	  Groundwater	  Basin,	  and	  storm	  water	  capture	  will	  increase	  groundwater	  recharge	  by	  as	  much	  as	  20,000	  acre-­‐feet	  per	  year.	  	  Several	  storm	  water	  capture	  projects	  are	  proposed	  in	  order	  to	  help	  restore	  groundwater	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recharge.	  	  One	  of	  these	  projects	  is	  the	  construction	  of	  the	  Big	  Tujunga	  Dam.	  This	  project	  was	  approved	  on	  September	  18,	  2007	  with	  a	  budget	  of	  $9	  million.	  This	  dam	  will	  help	  to	  capture	  4,500	  acre-­‐feet	  of	  water	  per	  year	  or	  more	  depending	  on	  environmental	  variation.	  $5.25	  million	  was	  approved	  for	  the	  Sheldon-­‐Arleta	  project	  on	  December	  19,	  2006.	  This	  project	  will	  upgrade	  the	  efficiency	  of	  the	  methane	  gas	  extraction	  system	  at	  the	  Sheldon-­‐Arleta	  Landfill,	  which	  is	  crucial	  towards	  allowing	  for	  the	  full	  use	  of	  the	  adjacent	  Tujunga	  Spreading	  Grounds.	  Water	  captured	  at	  this	  spreading	  ground	  will	  save	  around	  6,000	  to	  10,000	  acre-­‐feet	  of	  storm	  water	  per	  year.	  Combined,	  the	  Hansen	  Spreading	  Grounds	  Enhancement	  project,	  the	  Tujunga	  Spreading	  Grounds	  Enhancement	  Project,	  and	  the	  Pacoima	  Spreading	  Grounds	  Enhancement	  Project	  will	  save	  around	  10,700	  to	  18,000	  acre-­‐feet	  of	  water	  per	  year	  (Villaraigosa,	  2008).	  
	   The	  fourth	  long-­‐term	  conservative	  project	  aims	  at	  accelerating	  clean	  up	  around	  the	  contaminated	  San	  Fernando	  Groundwater	  Basin.	  Currently,	  the	  LADWP	  cannot	  fully	  utilize	  this	  area's	  groundwater	  due	  to	  the	  presence	  of	  pesticides	  such	  as	  trichloroethylene	  (TCE)	  and	  perchloroethylene	  (PCE)	  and	  other	  chemicals	  like	  nitrates,	  perchlorates,	  and	  hexavalent	  chromium.	  The	  LADWP	  has	  removed	  as	  much	  as	  47%	  of	  the	  contaminants	  in	  the	  production	  wells	  of	  the	  San	  Fernando	  Basin.	  	  If	  contamination	  were	  to	  increase,	  the	  number	  of	  production	  wells	  that	  the	  LADWP	  operates	  would	  decrease	  and	  would	  force	  the	  agency	  to	  further	  depend	  on	  imported	  water.	  The	  LADWP	  is	  working	  with	  the	  government	  to	  expedite	  the	  San	  Fernando	  Basin	  groundwater	  cleanup	  project.	  This	  project	  is	  anticipated	  to	  cost	  between	  $500	  million	  and	  $1	  billion.	  The	  LADWP	  will	  conduct	  a	  study	  to	  evaluate	  groundwater	  quality	  so	  that	  an	  effective	  water	  treatment	  plan	  is	  utilized	  (Villaraigosa,	  2008).	  
	   The	  fifth	  long	  term	  conservation	  project	  will	  be	  to	  expand	  groundwater	  storage	  in	  case	  of	  extreme	  drought	  or	  other	  water	  shortage	  emergency.	  Because	  the	  groundwater	  is	  contaminated	  at	  the	  San	  Fernando	  Basin,	  it	  cannot	  be	  used	  to	  store	  water.	  Therefore,	  it	  is	  critical	  that	  Los	  Angeles	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expands	  its	  water	  storage	  capacity	  in	  order	  to	  ensure	  a	  sustainable	  source	  for	  the	  future.	  Water	  delivered	  by	  the	  Los	  Angeles	  Aqueduct	  is	  subject	  to	  change	  due	  to	  climate	  fluctuations.	  As	  a	  result,	  the	  LADWP	  needs	  to	  find	  ways	  of	  increasing	  groundwater	  storage	  at	  the	  Owens	  and	  Antelope	  Valley,	  and	  LA	  County	  groundwater	  basins.	  	  The	  agency	  also	  wants	  to	  connect	  the	  Los	  Angeles	  Aqueduct	  and	  the	  California	  Aqueduct	  together	  at	  their	  intersection	  located	  at	  the	  Antelope	  Valley.	  The	  interconnection	  would	  allow	  for	  the	  transfer,	  exchange,	  and	  storage	  of	  water.	  The	  design	  phase	  is	  already	  complete,	  and	  the	  interconnection	  is	  to	  be	  built	  in	  2008	  (Villaraigosa,	  2008).	  
Los	  Angeles'	  Future	  Water	  Issues	  	  	   Water	  is	  a	  vital	  resource	  for	  Los	  Angeles	  and	  Southern	  California.	  Although	  Los	  Angeles	  has	  done	  an	  excellent	  job	  at	  conserving	  water	  over	  the	  last	  25	  years,	  the	  city	  still	  faces	  shortages	  that	  need	  to	  be	  addressed.	  In	  order	  to	  face	  these	  shortages,	  the	  LADWP	  has	  set	  guidelines	  for	  residences	  and	  businesses	  and	  has	  also	  rebuilt	  or	  improved	  infrastructure.	  These	  short	  and	  long	  term	  conservation	  projects	  try	  to	  take	  into	  account	  climate	  change,	  drought,	  and	  dry	  weather	  conditions	  in	  order	  to	  set	  the	  city	  on	  a	  course	  towards	  meeting	  its	  water	  demands	  (Villaraigosa,	  2008).	  
History	  of	  the	  Salton	  Sea	  
	   The	  Salton	  Sea	  is	  a	  lake	  35	  miles	  long	  and	  between	  9	  and	  15	  miles	  wide	  with	  a	  capacity	  of	  7.5	  million	  acre-­‐feet,	  making	  it	  the	  largest	  inland	  body	  of	  water	  west	  of	  the	  Rocky	  Mountains.	  Located	  in	  the	  Sonoran	  Desert,	  the	  lake	  sits	  within	  the	  second-­‐lowest	  point	  in	  North	  America	  at	  227	  feet	  below	  sea	  level.	  	  This	  region	  is	  one	  of	  the	  hottest	  and	  driest	  places	  on	  earth	  with	  an	  average	  temperature	  above	  100	  °F	  and	  fewer	  than	  3	  inches	  of	  rain	  per	  year	  (Johnson,	  2000).	  In	  1905,	  an	  engineering	  mistake	  caused	  the	  temporary	  headgate,	  built	  at	  the	  time	  to	  control	  water	  flowing	  into	  irrigation	  canals	  for	  farmers	  in	  California’s	  Imperial	  Valley,	  to	  break.	  Water	  from	  the	  Colorado	  River	  continued	  to	  spill	  into	  the	  Salton	  Sea	  for	  a	  period	  of	  two	  years	  (Cohen,	  2000).	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   Like	  the	  Ancient	  Lake	  Cahuilla,	  the	  water	  in	  the	  Salton	  Sea	  should	  have	  evaporated	  completely	  by	  now	  due	  to	  the	  heat	  of	  the	  Sonoran	  Desert	  but	  because	  of	  agricultural	  drainage,	  storm	  runoff	  and	  wastewater	  discharge	  from	  Mexico	  and	  California,	  the	  lake's	  water	  level	  has	  been	  maintained.	  It's	  estimated	  that	  1.3	  million	  acre-­‐feet	  of	  water	  flows	  into	  the	  sea	  annually	  (Cohen,	  2000).	  The	  flow	  entering	  the	  Salton	  Sea	  originates	  from	  a	  few	  different	  sources,	  the	  primary	  one	  being	  the	  Imperial	  Valley	  (80%)	  with	  some	  additional	  flow	  coming	  in	  from	  the	  Coachella	  Valley	  (8.6%)	  and	  Mexico	  (7.4%),	  the	  remainder	  is	  from	  local	  run-­‐off.	  While	  the	  water	  level	  remains	  relatively	  stable	  each	  year,	  the	  concentration	  of	  salt	  keeps	  increasing.	  Some	  5	  million	  tons	  of	  salt	  is	  added	  to	  the	  sea	  each	  year.	  Farmers	  in	  the	  Imperial	  and	  Coachella	  Valleys	  use	  water	  from	  the	  Colorado	  River	  to	  flush	  out	  salt	  built	  up	  in	  the	  soil.	  This	  practice	  has	  also	  lead	  to	  an	  unusually	  high	  salinity	  level	  measured	  at	  the	  Imperial	  Dam	  (Cohen	  &	  Hyun,	  2006).	  
	   When	  the	  current	  Salton	  Sea	  formed,	  it	  was	  filled	  with	  fresh	  water	  and	  harbored	  many	  different	  species	  of	  fresh	  water	  fish.	  The	  total	  number	  of	  fish	  was	  estimated	  to	  be	  as	  high	  as	  100	  million.	  The	  lake	  also	  contained	  some	  endangered	  species	  like	  the	  desert	  pupfish	  and	  the	  brown	  pelican.	  The	  Salton	  Sea	  is	  located	  at	  the	  bottom	  of	  a	  basin	  with	  no	  outlets.	  The	  only	  way	  for	  water	  to	  leave	  the	  basin	  is	  by	  evaporation	  under	  the	  hot	  and	  dry	  desert.	  The	  lake's	  initial	  salinity	  level	  was	  measured	  at	  3,550	  ppm	  in	  1905	  and	  in	  nearly	  50	  years	  had	  increased	  to	  32,000	  in	  1954.	  Today	  that	  number	  stands	  at	  45,000	  ppm,	  which	  is	  greater	  than	  the	  salinity	  of	  the	  Pacific	  Ocean	  (35,000	  ppm).	  Eventually	  the	  lake	  will	  become	  inhospitable	  for	  fish	  and	  most	  invertebrates	  if	  salinity	  is	  not	  controlled	  (Cohen,	  2000).	  
	   Prior	  to	  the	  1950s,	  native	  fishes	  would	  simply	  perish	  as	  the	  lake's	  salinity	  increased.	  In	  order	  to	  maintain	  a	  stable	  fish	  population	  various	  attempts	  were	  made	  at	  introducing	  salmon,	  halibut,	  bonefish,	  clams,	  and	  oysters	  into	  the	  sea	  though	  these	  attempts	  ultimately	  failed	  because	  the	  fish	  couldn't	  tolerate	  such	  high	  salinity.	  Fortunately	  by	  1950,	  officials	  found	  that	  gulf	  croaker,	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sargo,	  orange	  corvine,	  and	  tilapia	  survived.	  Fish	  became	  so	  plentiful	  that	  the	  sea	  became	  a	  destination	  for	  sport	  fishing	  and	  vacations.	  Business	  started	  to	  boom,	  and	  tourists	  were	  attracted	  to	  the	  various	  shops,	  restaurants,	  resorts,	  and	  nightclubs	  built	  around	  the	  lake.	  The	  Salton	  Sea	  became	  less	  attractive	  in	  1970	  as	  a	  result	  of	  a	  flood.	  Around	  this	  time	  businesses	  also	  started	  to	  close	  as	  the	  water	  reached	  toxic	  levels	  because	  of	  salt	  and	  fertilizers	  from	  agricultural	  run-­‐off	  (Salton	  Sea	  State	  Recreation	  Area,	  2003;	  Salton	  Sea	  Authority,	  2000).	  
	   In	  addition	  to	  sodium	  chloride,	  salt	  from	  agricultural	  run-­‐off	  is	  also	  high	  in	  phosphorus,	  nitrogen	  and	  various	  pesticides.	  When	  excessive	  nutrients	  enter	  a	  body	  of	  water	  a	  process	  called	  eutrophication	  occurs.	  This	  process	  occurs	  naturally	  when	  decaying	  matter	  accumulates	  in	  a	  body	  of	  water	  (Salton	  Sea	  Authority,	  2000).	  Initially	  an	  anaerobic	  bacterial	  environment	  forms	  producing	  toxins	  such	  as	  hydrogen	  sulfide	  and	  ammonia.	  The	  run-­‐off	  eventually	  stimulates	  the	  growth	  of	  algal	  and	  plankton	  populations.	  These	  serve	  as	  food	  for	  invertebrates	  and	  fishes	  and	  eventually	  the	  birds	  that	  eat	  the	  fish.	  The	  problem	  is	  that	  unchecked	  algal	  and	  plankton	  growth	  depletes	  oxygen,	  eventually	  killing	  aerobic	  life	  in	  the	  lake.	  Escaped	  hydrogen	  sulfide	  and	  ammonia	  from	  the	  lake	  bottom	  also	  contribute	  towards	  massive	  fish	  death.	  As	  a	  consequence	  the	  bird	  population	  feeding	  on	  the	  lake	  also	  suffers	  from	  outbreaks	  in	  avian	  diseases.	  In	  August	  of	  1999,	  an	  algal	  bloom	  killed	  8	  million	  fish.	  People	  no	  longer	  live	  close	  to	  the	  Salton	  Sea	  because	  it	  has	  become	  so	  polluted	  and	  toxic.	  The	  foul	  smells	  given	  off	  by	  decomposing	  algae	  and	  animals	  and	  hydrogen	  sulfide	  from	  the	  sea	  have	  become	  unbearable	  for	  residents,	  tourists,	  and	  businesses	  alike	  (Cohen,	  2000).	  
Natural	  Floods	  of	  the	  Salton	  Basin	  Before	  1905	  	   The	  Salton	  Sea	  as	  we	  know	  today	  is	  miniscule	  in	  geological	  terms.	  The	  area	  where	  the	  Salton	  Sea	  resides,	  the	  Salton	  Basin	  has	  regularly	  flooded	  and	  dried	  for	  at	  least	  a	  few	  thousand	  years.	  The	  Salton	  Basin	  lies	  within	  the	  meeting	  point	  of	  the	  Cocos,	  North	  American	  and	  Pacific	  Plates	  (Origin	  of	  the	  Salton	  Sea,	  2008).	  Baja	  California,	  which	  is	  part	  of	  the	  Cocos	  plate,	  has	  been	  separating	  from	  the	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North	  American	  Plate	  for	  about	  5	  million	  years	  now.	  The	  separation	  is	  more	  pronounced	  at	  the	  southern	  tip	  of	  Baja	  California	  and	  thus	  the	  Salton	  Sea	  lies	  at	  the	  fulcrum	  of	  this	  separation.	  The	  Salton	  basin	  represents	  the	  land	  rift	  of	  the	  Gulf	  of	  California.	  Even	  though	  there	  are	  many	  faults	  around	  the	  Salton	  Basin,	  nearly	  all	  of	  them	  are	  covered	  by	  sediments	  deposited	  by	  the	  Colorado	  River	  for	  millions	  of	  years.	  These	  layers	  of	  sediment	  are	  some	  12,000	  ft	  deep.	  This	  large	  deposit	  of	  silt	  and	  the	  meandering	  of	  the	  river	  caused	  deposits	  to	  form	  along	  the	  banks	  of	  the	  river	  creating	  natural	  levees.	  During	  large	  floods	  the	  river	  is	  able	  to	  break	  free	  and	  breach	  the	  levee	  and	  flows	  down	  the	  steep	  northern	  slope	  of	  the	  delta	  into	  the	  low	  Salton	  basin.	  At	  the	  lake's	  maximum	  it	  was	  110	  miles	  long,	  32	  miles	  wide	  and	  more	  than	  300	  feet	  deep	  at	  the	  center.	  This	  levee	  breach	  has	  occurred	  at	  least	  4	  times	  in	  the	  last	  1300	  years	  (Schaefer,	  n.d.).	  
	   The	  last	  major	  lake	  that	  occupied	  the	  Basin	  was	  lake	  Cahuilla.	  This	  lake,	  or	  rather	  a	  series	  of	  lakes,	  existed	  from	  700	  AD	  to	  the	  1500s.	  By	  the	  time	  European	  explorers	  took	  to	  these	  lands	  the	  Basin	  was	  dry,	  though	  only	  50	  years	  earlier	  the	  sea	  was	  26	  times	  the	  volume	  that	  it	  is	  today.	  The	  lake	  did	  continue	  to	  flood,	  with	  the	  last	  major	  influx	  of	  water	  occurring	  in	  the	  early	  17th	  century.	  By	  the	  early	  18th	  century	  the	  lake	  was	  dry	  again.	  In	  the	  19th	  century	  the	  Salton	  Basin	  saw	  small	  periodic	  flooding	  every	  few	  years	  until	  1891	  (Schaefer,	  n.d.).	  
	   The	  local	  natives,	  in	  1900,	  told	  explorers	  that	  the	  lakebed	  had	  been	  dry	  for	  as	  far	  back	  as	  the	  lives	  of	  four	  or	  five	  very	  old	  men,	  or	  at	  about	  the	  year	  1600	  (Singer,	  1998).	  This	  suggests	  that	  Lake	  Cahuilla's	  end	  must	  have	  been	  rapid,	  considering	  Europeans	  were	  first	  exploring	  the	  area	  at	  around	  the	  same	  time	  and	  they	  reported	  seeing	  no	  lake.	  As	  the	  lake	  disappeared	  it	  first	  left	  behind	  a	  large	  playa,	  a	  large	  flat	  salt-­‐encrusted	  mud	  flat.	  There	  was	  no	  vegetation	  and	  the	  surface	  was	  hard,	  smooth	  and	  packed.	  When	  this	  playa	  is	  filled	  with	  a	  little	  rain	  it	  pooled	  quickly	  and	  formed	  a	  lake	  up	  to	  1	  foot	  deep	  and	  several	  miles	  wide	  (Schaefer,	  n.d.).	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The	  Alamo	  Canal	  	   During	  the	  19th	  century,	  the	  Salton	  Basin	  was	  an	  arid	  inhospitable	  desert.	  The	  soil	  was	  extremely	  fertile	  and	  with	  enough	  water	  the	  area	  was	  ideal	  for	  agriculture.	  In	  order	  to	  take	  advantage	  of	  this	  fertile	  area	  a	  canal	  was	  built	  to	  divert	  water	  from	  the	  Colorado	  River	  into	  the	  basin	  for	  irrigation.	  The	  source	  of	  the	  canal	  was	  built	  close	  to	  Yuma,	  AZ,	  some	  200	  feet	  higher	  in	  elevation	  than	  the	  Imperial	  Valley	  floor.	  This	  gravity	  gradient	  generated	  a	  flow	  of	  six	  feet	  per	  mile.	  Building	  this	  canal	  was	  not	  a	  trivial	  task;	  the	  project	  faced	  many	  engineering	  and	  financial	  challenges	  (Singer,	  1998).	  
The	  first	  issue	  with	  building	  the	  Alamo	  canal	  was	  finding	  a	  way	  to	  route	  it	  across	  the	  formidable	  Algodones	  Dunes,	  which	  lay	  in-­‐between	  the	  Colorado	  River	  and	  the	  Imperial	  Valley.	  Due	  to	  a	  lack	  of	  funds	  and	  building	  technology,	  the	  engineers	  decided	  to	  solve	  this	  problem	  by	  avoiding	  it	  altogether.	  The	  canal	  began	  in	  the	  U.S.,	  circled	  the	  dunes	  south	  into	  Mexico	  following	  the	  Alamo	  River	  channel,	  and	  then	  turned	  back	  north	  into	  the	  Imperial	  Valley.	  Mexico	  loved	  this	  idea	  because	  it	  meant	  more	  water	  for	  the	  country	  in	  exchange	  for	  allowing	  the	  canal	  to	  be	  built	  in	  its	  territory.	  The	  California	  Development	  Company	  also	  benefited	  by	  winning	  the	  contract	  to	  build	  the	  canal	  (Singer,	  1998).	  
The	  second	  issue	  this	  project	  faced	  was	  its	  poor	  construction.	  The	  canal	  was	  built	  using	  manual	  labor	  and	  lacked	  any	  control	  in	  dealing	  with	  the	  variable	  flow	  present	  in	  the	  design.	  The	  canal	  ultimately	  opened	  in	  1901.	  By	  1902	  the	  population	  in	  the	  Imperial	  Valley	  had	  increased	  to	  1,000	  people	  cultivating	  100,000	  acres	  of	  land.	  The	  California	  Development	  Company	  named	  the	  area	  the	  "Imperial	  Valley"	  in	  order	  to	  attract	  investors	  (Singer,	  1998).	  
Another	  problem	  became	  apparent	  to	  farmers	  by	  1904.	  The	  canal's	  water	  had	  become	  muddy	  because	  the	  gradient	  was	  too	  low	  to	  maintain	  sufficient	  flow.	  As	  silt	  accumulated	  upstream,	  crops	  began	  to	  be	  deprived	  of	  water.	  The	  company	  decided	  to	  solve	  this	  immediate	  and	  urgent	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problem	  by	  shortening	  the	  canal	  so	  as	  to	  increase	  the	  flow	  gradient.	  Again	  this	  was	  another	  poor	  engineering	  decision.	  The	  canal	  was	  relocated	  four	  miles	  farther	  downstream,	  in	  an	  area	  along	  the	  delta	  known	  to	  be	  full	  of	  silt	  and	  sand	  (Singer,	  1998).	  
The	  Great	  Flood	  of	  1905	  	   The	  winter	  storms	  of	  1904	  left	  heavy	  snowfall	  on	  the	  Rocky	  Mountains.	  The	  subsequent	  spring	  runoff	  in	  1905	  was	  exceptionally	  strong	  and	  caused	  large	  flash	  floods	  in	  January	  and	  February.	  The	  Colorado	  River	  burst	  its	  banks	  and	  found	  a	  better	  route	  through	  the	  canal	  into	  the	  delta.	  This	  caused	  the	  canal	  to	  enlarge.	  Normally	  this	  lateral	  spreading	  would	  dissipate	  the	  river’s	  strength	  but	  a	  tidal	  bore	  could	  have	  coincided	  with	  this	  flood	  and	  caused	  a	  new	  channel	  to	  be	  cut.	  The	  new	  channel	  spilled	  into	  the	  Salton	  Basin.	  At	  its	  climax	  this	  channel	  formed	  a	  channel	  half	  a	  mile	  wide	  and	  forty	  feet	  deep	  just	  south	  of	  Yuma.	  This	  channel	  became	  known	  as	  the	  New	  River.	  At	  the	  outlet	  of	  the	  New	  River	  near	  the	  town	  of	  Imperial	  a	  waterfall	  28	  feet	  high	  and	  1,000	  feet	  wide	  was	  formed	  (Singer,	  1998).	  
	   The	  company	  took	  full	  responsibility	  for	  its	  loss,	  since	  the	  U.S.	  government	  announced	  from	  the	  beginning	  of	  the	  project	  that	  it	  would	  have	  no	  jurisdiction	  over	  a	  canal	  built	  over	  sovereign	  Mexican	  territory.	  When	  the	  California	  Development	  Company	  went	  bankrupt,	  the	  Southern	  Pacific	  Railroad	  Company	  stepped	  in	  to	  protect	  the	  area	  from	  flooding	  by	  building	  levees,	  dams,	  trestles	  and	  dikes	  in	  order	  to	  protect	  its	  business.	  Meanwhile,	  the	  agricultural	  land	  of	  the	  Salton	  sink	  flooded	  causing	  many	  to	  move	  out	  of	  the	  valley.	  Nothing	  could	  stop	  the	  water	  from	  moving	  into	  the	  Salton	  Sink.	  By	  the	  spring	  of	  1906,	  the	  Salton	  Sink	  was	  40	  miles	  long	  by	  12	  miles	  wide,	  and	  its	  water	  level	  was	  increasing	  8	  inches	  a	  day.	  The	  Southern	  Pacific	  Railroad's	  last	  task	  was	  to	  build	  a	  trestle	  across	  the	  river	  and	  line	  miles	  of	  the	  canal	  with	  new	  levees	  (Singer,	  1998).	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Indigenous	  People’s	  Lives	  Evolved	  around	  These	  Lakes	  	  	   Native	  Americans	  used	  these	  lakes	  extensively	  for	  thousands	  of	  years	  for	  fishing	  and	  game.	  The	  local	  Cahuilla	  Indians'	  oral	  history	  confirms	  the	  existence	  of	  these	  lakes	  when	  asked	  about	  the	  travertine	  depots	  that	  form	  an	  ancient	  shoreline	  up	  in	  the	  surrounding	  mountains.	  They	  told	  of	  their	  ancient	  fathers	  making	  camp	  up	  in	  the	  mountains	  and	  coming	  down	  for	  fish	  and	  birds.	  They	  also	  told	  of	  the	  water	  gradually	  subsiding	  "little	  by	  little"	  until	  they	  occupied	  the	  valley	  again.	  Eventually	  the	  waters	  suddenly	  returned	  overwhelming	  the	  people	  and	  forcing	  them	  to	  live	  in	  the	  mountains	  again	  (Schaefer,	  n.d.).	  
	   The	  Colorado	  River	  eventually	  found	  it's	  natural	  course	  back	  through	  the	  delta.	  Without	  recharge	  the	  basin,	  when	  full,	  is	  estimated	  to	  take	  up	  to	  60	  years	  to	  evaporate.	  Indian	  settlement	  ranged	  wildly	  in	  size,	  complexity	  and	  geographic	  locations.	  The	  largest	  settlements	  were	  where	  sand	  bars	  created	  resource	  rich	  marshes,	  or	  where	  creeks	  flowed	  into	  the	  lake.	  Other	  sites	  appeared	  to	  only	  support	  seasonal	  populations,	  especially	  the	  eastern	  shore	  where	  a	  large	  desert	  separated	  the	  lake	  from	  the	  Colorado	  River.	  The	  Native	  Americans	  constructed	  fishing	  camps	  where	  alluvial	  fans	  allowed	  access	  through	  the	  mountains.	  	  They	  constructed	  stone	  fish	  traps	  in	  the	  shallow	  waters	  perhaps	  exploiting	  fish	  behavior	  to	  enter	  rocky	  enclosures	  when	  shocked.	  These	  traps	  would	  slope	  down	  into	  the	  basin	  as	  it	  dried	  until	  salinity	  became	  too	  high	  (Schaefer,	  n.d.).	  
	   Fish	  bones	  recovered	  from	  past	  lakes	  show	  them	  to	  be	  filled	  by	  native	  Colorado	  River	  and	  Gulf	  of	  California	  fish.	  The	  two	  most	  common	  were	  the	  razorback	  sucker	  and	  bonytail	  chub,	  both	  of	  which	  are	  now	  rare	  or	  endangered.	  The	  most	  exploited	  birds	  where	  the	  coot	  and	  mud	  hen.	  Black-­‐tailed	  jackrabbit	  and	  Audubon	  cottontail	  where	  the	  two	  most	  common	  mammals	  while	  bighorn	  sheep	  and	  deer	  were	  sometimes	  hunted	  for	  game.	  Flora	  as	  indicated	  by	  carbonized	  remains	  of	  pollen	  included	  bulrush	  and	  cattail	  along	  the	  marshes	  and	  mesquite	  pods,	  saltbush,	  seepweed	  in	  the	  desert	  (Schaefer,	  n.d.).	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   It	  is	  still	  not	  entirely	  clear	  what	  the	  Native	  American	  population	  was	  in	  the	  area	  or	  even	  where	  permanent	  settlements	  were.	  Some	  researchers	  suggest	  that	  the	  lake's	  desiccation	  caused	  large	  population	  shifts	  that	  lead	  to	  conflicts	  and	  larger	  exploitation	  of	  upland	  resources	  like	  agave.	  Other's	  think	  that	  the	  area	  was	  never	  permanently	  settled	  because	  of	  the	  unstable	  shoreline,	  rather	  Indians	  would	  make	  seasonal	  rounds	  looking	  for	  resources	  and	  if	  none	  were	  found	  they'd	  travel	  elsewhere	  (Schaefer,	  n.d.).	  
	   The	  Cahuilla	  are	  a	  Takic-­‐speaking	  people	  that	  occupied	  most	  of	  modern	  day	  Imperial	  and	  Riverside	  Counties.	  They	  had	  more	  than	  a	  dozen	  clans	  that	  owned	  various	  areas	  including	  desert.	  Each	  clan	  was	  fully	  independent	  and	  controlled	  areas	  ranging	  from	  desert	  or	  valley	  floor	  to	  mountainous	  areas.	  Each	  clan	  was	  formed	  from	  a	  family	  linage.	  Clans	  also	  mutually	  shared	  certain	  areas	  of	  the	  Basin.	  Individuals	  also	  owned	  certain	  areas	  or	  resources	  such	  as	  vegetation,	  hunting	  grounds	  or	  mineral	  collecting	  locations	  (Schaefer,	  n.d.).	  	  
	   The	  population	  of	  each	  clan	  varied	  in	  size	  up	  to	  thousands	  of	  individuals.	  Nuclear	  families	  built	  houses	  far	  away	  from	  each	  other,	  with	  distances	  up	  to	  two	  miles.	  In	  between	  there	  might	  be	  built	  ceremonial	  structures,	  storage	  tents	  and	  song	  houses,	  used	  for	  recreational	  singing.	  The	  clan	  areas	  though	  were	  partitioned	  in	  such	  a	  way	  that	  each	  clan	  had	  access	  to	  fertile	  land	  and	  water	  (Schaefer,	  n.d.).	  
	   In	  the	  1850s,	  westerners	  reported	  at	  least	  ten	  villages	  in	  the	  southwest	  Coachella	  Valley.	  The	  Cahuilla	  of	  the	  Torres-­‐Martinez	  area	  already	  had	  contact	  with	  Europeans	  by	  1797.	  By	  1823	  the	  Cahuilla	  of	  the	  area	  became	  weary	  of	  Europeans	  because	  of	  their	  previous	  attempts	  to	  baptize	  them,	  this	  became	  clear	  with	  the	  Romero	  Expedition.	  Three	  decades	  later	  the	  Coachella	  no	  longer	  only	  dealt	  with	  Spanish	  Europeans.	  Their	  contacts	  now	  included	  the	  Americans	  and	  Mexicans	  in	  addition	  to	  the	  Spanish.	  In	  1851	  the	  Cahuilla	  leadership	  signed	  a	  treaty	  with	  the	  U.S.	  government	  although	  Congress	  never	  ratified	  it.	  	  In	  the	  1860s	  a	  major	  epidemic	  hit	  the	  Cahuilla	  people	  and	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several	  clans	  were	  decimated.	  The	  survivors	  regrouped	  into	  smaller	  villages	  so	  as	  to	  maintain	  their	  cultural	  history	  and	  economic	  ties	  to	  their	  lands	  (Schaefer,	  n.d.).	  	  
Ground	  Water	  Issues	  
Lower	  Basin	  Groundwater	  Overdraft	  	   Groundwater	  overdraft	  in	  the	  lower	  Colorado	  basin	  is	  a	  serious	  problem	  because	  it	  destabilizes	  groundwater	  equilibrium,	  affecting	  the	  lives	  of	  many	  who	  depend	  on	  it.	  Efforts	  at	  minimizing	  groundwater	  mining	  have	  been	  met	  with	  resistance	  by	  various	  parties	  despite	  lawmakers'	  attempts	  to	  curb	  it.	  This	  overdraft	  persists	  to	  this	  day.	  For	  example	  the	  overdraft	  in	  Arizona	  approaches	  1	  maf	  per	  year;	  in	  southern	  California	  the	  overdraft	  is	  about	  97,000	  af/year	  and	  in	  southern	  Nevada	  51,000	  af/year.	  In	  total	  the	  lower	  Colorado	  basin	  is	  experiencing	  an	  overdraft	  of	  1.2444	  maf	  per	  year	  which	  will	  lead	  to	  groundwater	  exhaustion	  if	  left	  unchecked	  (Morrison	  et	  al.,	  1996).	  
	   Allotting	  1.5	  maf/year	  from	  the	  Colorado	  River	  in	  order	  to	  make	  up	  for	  the	  lower	  basin's	  groundwater	  overdraft	  seems	  to	  be	  an	  impossible	  task	  considering	  the	  lower	  basin's	  population	  is	  increasing	  and	  needs	  a	  minimum	  of	  8.9	  maf/year.	  The	  population	  within	  the	  basin	  is	  expected	  to	  increase	  by	  66%	  from	  1990	  to	  2025.	  This	  extra	  burden	  will	  make	  allocating	  water	  for	  the	  environment	  a	  nearly	  impossible	  task	  under	  current	  policies.	  Clearly,	  new	  plans	  and	  policies	  need	  to	  be	  drawn	  in	  order	  to	  adequately	  supply	  the	  people	  and	  the	  environment.	  Conserving,	  recycling	  and	  reusing	  water,	  retiring	  agricultural	  lands	  and	  selecting	  for	  more	  drought	  tolerant	  crops	  are	  among	  the	  most	  effective	  water	  conservation	  strategies.	  Population	  control	  is	  also	  essential	  for	  achieving	  sustainable	  water	  use	  in	  the	  region.	  The	  goal	  is	  to	  eventually	  eliminate	  groundwater	  overdraft	  in	  order	  to	  free	  up	  water	  for	  restoring	  the	  delta	  (Morrison	  et	  al.,	  1996).	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Reducing	  Agricultural	  Water	  Use:	  California	  and	  Mexico	  as	  an	  Example	  	   Crops	  grown	  in	  the	  lower	  basin	  consume	  large	  volumes	  of	  water	  because	  of	  the	  low	  humidity	  and	  high	  temperature	  of	  the	  desert.	  In	  order	  to	  reduce	  water	  usage,	  farmers	  must	  reduce	  harvests,	  increase	  irrigation	  efficiency	  or	  shift	  towards	  planting	  more	  drought	  tolerant	  crops.	  Agriculture	  currently	  accounts	  for	  54%	  of	  the	  water	  consumed	  by	  southern	  California	  and	  15%	  in	  northern	  Mexico.	  Water-­‐intensive	  crops	  not	  only	  contribute	  towards	  destroying	  the	  environment	  by	  unnecessarily	  over-­‐using	  water,	  they	  are	  also	  the	  reason	  behind	  the	  loss	  of	  revenue	  for	  the	  region.	  The	  top	  20%	  of	  water	  intensive	  crops	  produces	  less	  than	  5%	  of	  the	  total	  agricultural	  revenue	  whereas	  the	  bottom	  20%	  accounts	  for	  nearly	  60%	  of	  total	  revenue.	  Switching	  to	  drought	  tolerant	  crops	  will	  not	  only	  substantially	  decrease	  the	  amount	  of	  water	  used	  but	  will	  also	  increase	  agricultural	  revenue	  in	  general	  (Morrison	  et	  al.,	  1996).	  
Groundwater	  Contamination	  and	  Depletion	  in	  Mexico	  	   The	  northern	  semi-­‐arid	  half	  of	  Mexico	  contains	  45%	  of	  the	  population	  and	  supplies	  55%	  of	  the	  gross	  national	  product.	  Groundwater	  has	  supplied	  70%	  of	  the	  water	  needed	  by	  industry	  and	  35%	  needed	  by	  agriculture.	  Recently,	  groundwater	  issues	  have	  begun	  to	  receive	  more	  attention	  because	  the	  environment	  has	  visibility	  changed	  for	  the	  worse	  and	  the	  people	  are	  suffering	  more	  as	  water	  quality	  decreases.	  Agricultural	  irrigation	  and	  urban	  needs	  have	  altered	  groundwater	  flow	  and	  increased	  health	  risks	  due	  to	  decreasing	  water	  quality	  (Corrillo-­‐Rivera	  et	  al.,	  2008).	  
	   Groundwater	  balance	  is	  achieved	  by	  having	  equal	  inflow	  and	  outflow	  of	  water.	  Desertification,	  dams	  and	  urban	  expansion	  reduce	  inflow	  because	  less	  rainfall	  is	  allowed	  to	  reach	  the	  water	  table.	  Decreasing	  groundwater	  prevents	  flow	  along	  rivers	  and	  decreases	  surface	  levels	  of	  lakes.	  For	  example,	  the	  withdrawal	  of	  groundwater	  around	  Lake	  Cuitzeo	  in	  the	  Mexican	  state	  of	  Michoacan	  caused	  a	  visible	  water	  level	  drop	  of	  2	  m.	  Coastal	  marshes,	  wetlands	  and	  lagoons	  have	  thrived	  under	  a	  brackish	  ecosystem	  and	  constantly	  depend	  on	  continental	  freshwater.	  These	  areas	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are	  very	  sensitive	  to	  changes	  in	  salinity	  or	  nutrient	  concentrations.	  In	  Mexico	  not	  only	  has	  freshwater	  been	  denied	  to	  these	  areas	  they	  are	  frequently	  polluted	  by	  agricultural	  discharge	  (Corrillo-­‐Rivera	  et	  al.,	  2008).	  
	   In	  Mexico	  a	  lack	  of	  proper	  drainage	  systems	  in	  cities	  often	  leads	  to	  groundwater	  contamination.	  Wastewater	  enters	  the	  ground	  without	  treatment	  because	  of	  leaks	  in	  the	  drainage	  system.	  Sometimes	  it's	  simply	  dumped	  onto	  the	  ground.	  Another	  way	  that	  groundwater	  gets	  contaminated	  is	  by	  the	  mixing	  of	  rainwater	  with	  waste	  products	  in	  dumpsites	  that	  are	  not	  properly	  covered.	  Ninety	  percent	  of	  industrial	  wastewater	  makes	  its	  way	  into	  the	  final	  outflow	  that	  recharges	  wetlands,	  marshes	  and	  lagoons.	  Domestic	  wastewater	  is	  the	  major	  contributor	  of	  nitrate	  and	  bacterial	  contamination.	  In	  many	  cases,	  the	  fecal	  coliform	  count	  in	  the	  groundwater	  exceeds	  the	  Mexican	  Health	  Agency’s	  maximum	  level.	  These	  dangerous	  levels	  could	  lead	  to	  acute	  public	  health	  issues	  and	  long-­‐term	  consequences	  (Corrillo-­‐Rivera	  et	  al.,	  2008).	  
Saving	  Water	  in	  Cities	  	   Although	  agriculture	  currently	  demands	  the	  most	  water	  within	  the	  lower	  basin,	  demand	  within	  the	  next	  decade	  is	  expected	  to	  increase	  because	  of	  industrial	  and	  population	  growth.	  The	  lower	  basin's	  population	  is	  estimated	  to	  increase	  two-­‐thirds	  by	  2020.	  Persistent	  drought	  conditions	  have	  made	  balancing	  water	  supply	  between	  these	  different	  interest	  groups	  especially	  difficult.	  Water	  is	  currently	  transported	  vast	  distances	  by	  the	  Colorado	  River	  and	  from	  past	  experience	  we	  know	  that	  simply	  building	  new	  dams,	  reservoirs,	  groundwater	  wells	  and	  treatment	  plants	  do	  not	  help	  much	  saving	  water.	  These	  simply	  allow	  the	  management	  of	  an	  already	  strained	  resource.	  Fortunately,	  the	  development	  of	  novel	  water	  conservation	  technologies	  has	  helped	  cities	  lower	  their	  per-­‐capita	  usage.	  Conservation	  programs	  have	  also	  encouraged	  users	  to	  save	  water.	  By	  improving	  and	  practicing	  water	  conservation	  these	  cities	  have	  lowered	  per-­‐capita	  water	  usage.	  It	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has	  also	  given	  hope	  to	  the	  region	  by	  bringing	  the	  possibility	  of	  water	  sustainability	  (Morrison	  et	  al.,	  1996).	  
Conclusion	  
	   The	  mighty	  Colorado	  River	  was	  once	  an	  untamed	  force	  of	  nature	  flowing,	  uninterrupted,	  down	  into	  the	  Mexican	  delta	  but	  this	  was	  not	  to	  last.	  In	  the	  middle	  of	  the	  18th	  century,	  the	  desert	  soil	  around	  the	  North	  American	  Southwest	  was	  found	  to	  be	  fertile	  though	  absent	  water.	  This	  river,	  flowing	  untapped	  right	  through	  the	  region,	  was	  the	  catalyst	  that	  ignited	  a	  boom	  in	  agriculture.	  However,	  the	  river	  proved	  too	  unruly,	  causing	  massive	  unpredictable	  floods	  and	  droughts.	  In	  the	  early	  part	  of	  the	  last	  century,	  the	  U.S.	  government	  began	  large-­‐scale	  dam	  building	  along	  the	  river's	  path	  in	  order	  to	  control	  its	  flow.	  The	  Colorado	  River's	  fate,	  and	  all	  who	  depend	  on	  it,	  was	  thus	  in	  the	  hands	  of	  man.	  
	   The	  population	  in	  the	  southwest	  rapidly	  increased	  in	  the	  last	  century,	  giving	  rise	  to	  enormous	  cities	  like	  Los	  Angles	  and	  others	  such	  as	  San	  Diego,	  Tijuana,	  Las	  Vegas	  and	  Phoenix.	  With	  people,	  came	  industry	  and	  more	  claims	  to	  the	  River's	  flow.	  Sediment	  began	  building	  up	  behind	  the	  dams,	  the	  Colorado	  River's	  salinity	  and	  pollution	  increased	  due	  to	  industrial	  and	  agricultural	  runoff	  and	  more	  people	  lay	  legal	  claim	  to	  the	  river	  than	  what	  the	  river	  was	  able	  to	  provide.	  Combined	  with	  a	  persistent	  drought	  that	  has	  lasted	  years,	  tensions	  are	  reaching	  a	  boiling	  point	  and	  unless	  the	  Colorado	  River's	  flow	  is	  more	  efficiently	  allocated	  through	  radical	  change,	  more	  people	  will	  suffer	  as	  the	  river	  and	  the	  environment	  around	  it	  becomes	  tainted.	  	  
	   Unfortunately,	  there	  are	  barriers	  to	  change,	  mostly	  related	  to	  water	  rights.	  The	  farmers	  in	  the	  Imperial	  Valley	  have	  senior	  water	  rights	  over	  the	  urban	  water	  agencies	  and	  pay	  significantly	  less	  for	  their	  water.	  This	  has	  created	  an	  economic	  incentive	  for	  farmers	  to	  sell	  their	  water	  instead	  of	  using	  it.	  	  Currently,	  farmers	  and	  water	  agencies	  are	  only	  able	  to	  sell	  and	  transfer	  water	  within	  their	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respective	  states.	  Transfers	  are	  also	  done	  between	  states	  within	  the	  same	  basin.	  Long-­‐term	  conservation	  efforts	  center	  around	  government	  subsidized	  water-­‐saving	  hardware,	  maximizing	  recycled	  water	  usage,	  expanding	  groundwater	  recharge,	  cleanup	  and	  storage	  and	  stepping	  back	  traditional	  agriculture	  in	  favor	  of	  more	  drought	  tolerant	  crops.	  Ultimately	  the	  Colorado	  River's	  flow	  needs	  to	  be	  better	  managed	  and	  put	  to	  more	  efficient	  use;	  otherwise	  shortages	  will	  become	  a	  reality.
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